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Abstract 
One of the most significant medical problems of the day is the relationship of 
dietary fats to health and associated diseases. Cardiovascular diseases remain a major 
cause of mortality worldwide, regardless of the recent advances in medical treatment. 
There is concern for using animal fats because of the health risks posed by them and this is 
one of the reasons that vegetable oils are being replaced by animal fats. Since these oils 
provide protection in health and disease. This has also leads to the use of fats and oils for 
disease treatment and prevention as well as health improvements. 
The vegetable oils are good source of essential fatty acids, needed in the diet for 
normal growth and functioning of mammals. These oils are mainly of vegetable origin and 
are extensively used for cooking purposes. The fat consumed also varies from region to 
region depending upon the availability in sufficiently large amounts. Coconut oil is the 
major source of fat in Southern parts of India particularly in Kerala. Groundnut and palm 
oils are in more use in Southern and Western parts of India. Mustard oil is generally used 
in West Bengal, Bihar and other Northern states. Sunflower and soybean oil is used in 
almost all the parts of India. Recently rice bran oil as a fat source is widely being used for 
culinary purposes. 
The aim of this thesis is to summarize the impact of various edible oils on the 
health of mammalian organs to find out as to which oil is best for health. For the present 
investigations six commonly used vegetable oils were selected namely coconut, palm, 
groundnut, mustard, sunflower and soybean oil. Out of these coconut and palm was 
selected as a source of saturated fatty acids (SFA) and the four other oils mustard, 
groundnut, sunflower and soybean were taken in the category of monounsaturated fatty 
acid (MUFA) and polyunsaturated fatty acid (PUFA). The study shows a comparison 
between SFA (Coconut and palm) with unsaturated fatty acids as well as a comparison 
between MUFA (Mustard and groundnut) with PUFA (Sunflower and soybean) with 
respect to their effect on kidney and liver of rats. 
Rats were divided into different groups, each having eight rats. Experimental 
procedure includes the following groups: 1. Control animals were fed a commercial 
standard diet. 2. Different edible oil treated groups (animals received standard diet with 
different edible oils). Rats were then sacrificed after specified experimental period. Blood 
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as well as tissues (liver and kidney) were collected, for biochemical estimations. The 
various serum parameters i.e. lipid profile, urea, creatinine, SGOT and SGPT were 
carefully monitored in different edible oil treated groups. The hepatic antioxidant enzymes 
were also determined, by the quantitative estimation of CAT, GST, SOD and GPx in all 
animal groups. Lipid peroxidation in liver homogenates of all the rat groups was done to 
see the extent of damage caused by these oils. The thesis has been divided into five 
chapters. 
Chapter I describes the study of long term feeding effect of two saturated fatty 
acids (Coconut and palm oil) and four unsaturated fatty acids (Groundnut, mustard, 
sunflower and soybean oils) on serum, tissues and hepatic antioxidants at 5% and 20% 
levels of different oils. The chapter I has been further divided into three sections. 
Section A shows the comparison of two saturated fatty acids (Coconut and palm 
oil). The results clearly indicate that coconut oil increased the serum lipids, tissue lipids, 
SGOT, SGPT, urea and creatinine levels as compared to palm oil and control. Palm oil was 
found to exert beneficial effects as was evident from the high levels of hepatic antioxidant 
enzymes. Presence of high levels of antioxidant a-tocopherol in palm oil containing 
compared to coconut oil may be one of the reasons for decrease in lipid peroxidation. 
Results conclusively show that in terms of their effects palm oil is better than coconut oil, 
so it can be rated as palm oil > coconut oil. 
The section B shows the comparative effect of four unsaturated fatty acids on 
mammalian organs, the results showed that serum, tissue lipids, SGOT, SGPT, urea and 
creatinine are significantly increased in mustard and groundnut oils fed groups when 
compared with control, sunflower and soybean groups. Sunflower and soybean oils were 
found to give beneficial effects as was evident from high levels of hepatic antioxidant 
enzymes and decrease in lipid peroxidation. Soybean and sunflower oils have higher levels 
of antioxidants such as flavonoids and other phenolic compounds compared to mustard and 
groundnut oils which may be one of the reasons for controlling the lipid peroxidation. On 
the basis of the results obtained, the oils used can be arranged in the following sequence in 
terms of their beneficial effects soybean > sunflower oil > groundnut oil > mustard oil. 
Abstract 
Data of section A and B has been taken together to show the comparison of two 
saturated fatty acids with one unsaturated fatty acids (soybean). The results shown in 
section C indicate that serum, tissue lipids, SCOT, SGPT, urea and creatinine are 
significantly increased in coconut and palm oil fed groups when compared with control 
and soybean group. The beneficial effect of soybean oil is evident from high levels of 
hepatic antioxidant enzymes and a decrease in lipid peroxidation. Reduction of cholesterol 
by soybean oil may be due to the presence of large amounts of linoleic acid, not only this, 
presence of antioxidants such as flavonoids and other phenolic compounds in soybean oil 
compared to coconut and palm oils may be one of the reasons for controlling the lipid 
peroxidation by this oil. 
Following three oils were selected for further studies coconut, mustard and soybean 
oils, which are in, consumed maximally for cooking purposes and their production is also 
high, this reinforced the need for more research in this area. The study provides an insight 
in to the mechanisms underlying the differential aspects of SFA, MUFA and PUFA on 
cholesterol and lipid metabolism as well as hepatic antioxidant enzymes. 
Chapter II describe the study of heated dietary oils on lipid metabolism and antioxidant 
enzyme activities in rats. Deep fat frying is one of the most commonly used procedures for 
the preparation of foods in different forms. A number of compounds are formed during 
heating and fat frying such as lipid peroxidation products, enzyme inhibitors, 
antinutritional factors, mutagens and carcinogens. The results suggest that heated soybean 
oil decreased the serum and tissue lipids, SGOT, SGPT, urea and creatinine as compared to 
fresh and other heated oil groups. Among the three oils used in the study soybean oil was 
found to give beneficial effects as was evident from maximum levels of hepatic antioxidant 
enzymes and prevention of the lipid peroxidation. The lipogenic enzymes increased in 
heated soybean oil as compared to fresh and other heated oil groups, showing the 
beneficial effect of soybean oil on carbohydrate metabolism enzymes. 
Chapter III describes the blending studies of rice bran oil with coconut, mustard 
and soybean oils. The chapter shows the effect of blended rice bran oil on lipid parameters 
and antioxidant enzyme status in rats. Blending different types of oils can give better 
quality products which include physicochemical properties as well as nutritional value at 
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affordable prices. The blended oil gives protection against a number of risk factors 
associated with coronary heart diseases (CHD). These findings encouraged the use of RBO 
in the oil blends being tested in this study. The three commonly consumed oils, namely 
coconut, mustard and soybean oils were blended with RBO in the ratio of 7: 3 and tested 
for their lipidemic properties with the objective of promoting their use in edible oil blends. 
The results suggested that RBO blended oils reduced the serum and tissue lipids, SCOT, 
SGPT, urea and creatinine levels as compared to control group. RBO+SO (Soybean) oil 
with its high polyphenol content was able to maintain the normal levels of lipid profiles, 
high levels of liver antioxidant enzymes and a decreased level of the lipid peroxidation. 
RBO which contains natural antioxidant has been found to be an important functional food 
with cardiovascular health benefits. The antioxidant activity of the polyphenol of RBO+SO 
against copper induced LDL oxidation confirms the high potential of this oil in protecting 
LDL against oxidative stress induced by physiological oxidants. The blends of RBO with 
these oils not only brought about a favourable circulating lipid profile, but may also result 
in an economic advantage of lower prices as RBO is cheaper oil than coconut, mustard and 
soybean oil in the current retail market in India. 
Chapter IV describes the effect of rice bran oil on hypercholesterolemic rats and 
hepatotoxic rats. The results clearly indicate that hypercholesterolemia treated with RBO 
decreased the levels of serum lipid profile, tissue lipids, SCOT, SGPT, urea and creatinine 
as compared to hypercholesterolemia (control) rats. The diet rich in RBO also reduced the 
liver oxidative stress not only by decreasing lipid peroxidation, but also by enhancing the 
antioxidant defence system in such rats. This may not only be due to its fatty acid 
composition but also because of its high content of antioxidant and unsaponifiabie matter 
in RBO, that inhibits the formation of reactive oxygen species in a concentration dependent 
way and thus may have been helpful in controlling the cardiovascular diseases. 
Hepatotoxicity is the most common finding in patients with iron overloading. In 
experimental animals iron overload conditions can be obtained by injection of iron salt 
intraperitonially. One of the mechanisms by which iron induces the toxicity is by 
increasing oxidative stress leading to lipid peroxidation. The results suggested that 
incorporation of RBO in the diet at the level of 10% can successfully withstand lipid 
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peroxidation and it also enhances the activities of different antioxidant enzymes. The 
synergistic effect of all the antioxidant components present in RBO played a key role in 
modulating oxidative stress. 
Chapter V describes the modulation of lipid profile and hepatic antioxidant 
enzymes by dietary fats in streptozotocin induced diabetic rats. Dietary advice is the basis 
of all treatment for diabetes mellitus. Diabetic patients have an increased incidence of 
vascular disease and it has been suggested that free radical activity increases in diabetic 
patients, many of the complications of diabetes including retinopathy and atherosclerotic 
vascular disease, are the leading cause of mortality in diabetes, which have been linked to 
oxidative stress. The results indicate that soybean oil is more effective in reducing the 
serum, liver and kidney lipids as well as in enhancing antioxidant enzymes to prevent lipid 
peroxidation. The beneficial effect of soybean oil in decreasing the risk of CHD could also 
be due to other beneficial effects such as insulin sensitization apart from improving lipid 
profile. Thus soybean oil containing high levels of a-tocopherol and linoleic acid compared 
to mustard and coconut oil is beneficial in diabetic conditions, moreover it plays a critical 
role in enhancing the antioxidant defence system leading to decreased lipid peroxidation. 
In conclusion, among the six edible oils studied soybean oil is the best to be used 
for health and preventing diseased conditions. High intake of saturated fatty acids 
(Coconut and palm oil) contributes to hypercholesterolemia. PUFA present in vegetable 
oils help in decreasing the lipid levels to maintain normal functioning of the body. Soybean 
oil contains negligible amount of hypercholesterolemic saturated fatty acids (lauric and 
myristic acid), it has moderately rich amount of the linoleic acid, and it contains vitamin E 
and tocotrienols which are not only powerful antioxidants but are also natural inhibitors of 
cholesterol synthesis. Therefore, intake of soybean oil (rich in PUFA) may give good 
nutritional status to the world population throughout the life span and may contribute to 
several health benefits, including the prevention of diet related chronic diseases. 
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Abstract 
One of the most significant medical problems of the day is the relationship of 
dietary fats to health and associated diseases. Cardiovascular diseases remain a major 
cause of mortality worldwide, regardless of the recent advances in medical treatment. 
There is concern for using animal fats because of the health risks posed by them and this is 
one of the reasons that vegetable oils are being replaced by animal fats. Since these oils 
provide protection in health and disease. This has also leads to the use of fats and oils for 
disease treatment and prevention as well as health improvements. 
The vegetable oils are good source of essential fatty acids, needed in the diet for 
normal growth and functioning of mammals. These oils are mainly of vegetable origin and 
are extensively used for cooking purposes. The fat consumed also varies from region to 
region depending upon the availability in sufficiently large amounts. Coconut oil is the 
major source of fat in Southern parts of India particularly in Kerala. Groundnut and palm 
oils are in more use in Southern and Western parts of India. Mustard oil is generally used 
in West Bengal, Bihar and other Northern states. Sunflower and soybean oil is used in 
almost all the parts of India. Recently rice bran oil as a fat source is widely being used for 
culinary purposes. 
The aim of this thesis is to summarize the impact of various edible oils on the 
health of mammalian organs to find out as to which oil is best for health. For the present 
investigations six commonly used vegetable oils were selected namely coconut, palm, 
groundnut, mustard, sunflower and soybean oil. Out of these coconut and palm was 
selected as a source of saturated fatty acids (SFA) and the four other oils mustard, 
groundnut, sunflower and soybean were taken in the category of monounsaturated fatty 
acid (MUFA) and polyunsaturated fatty acid (PUFA). The study shows a comparison 
between SFA (Coconut and palm) with unsaturated fatty acids as well as a comparison 
between MUFA (Mustard and groundnut) with PUFA (Sunflower and soybean) with 
respect to their effect on kidney and liver of rats. 
Rats were divided into different groups, each having eight rats. Experimental 
procedure includes the following groups: 1. Control animals were fed a commercial 
standard diet. 2. Different edible oil treated groups (animals received standard diet with 
different edible oils). Rats were then sacrificed after specified experimental period. Blood 
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as well as tissues (liver and kidney) were collected, for biochemical estimations. The 
various serum parameters i.e. lipid profile, urea, creatinine, SCOT and SGPT were 
carefully monitored in different edible oil treated groups. The hepatic antioxidant enzymes 
were also determined, by the quantitative estimation of CAT, GST, SOD and GPx in all 
animal groups. Lipid peroxidation in liver homogenates of all the rat groups was done to 
see the extent of damage caused by these oils. The thesis has been divided into five 
chapters. 
Chapter I describes the study of long term feeding effect of two saturated fatty 
acids (Coconut and palm oil) and four unsaturated fatty acids (Groundnut, mustard, 
sunflower and soybean oils) on serum, tissues and hepatic antioxidants at 5% and 20% 
levels of different oils. The chapter I has been further divided into three sections. 
Section A shows the comparison of two saturated fatty acids (Coconut and palm 
oil). The results clearly indicate that coconut oil increased the serum lipids, tissue lipids, 
SGOT, SGPT, urea and creatinine levels as compared to palm oil and control. Palm oil was 
found to exert beneficial effects as was evident from the high levels of hepatic antioxidant 
enzymes. Presence of high levels of antioxidant a-tocopherol in palm oil containing 
compared to coconut oil may be one of the reasons for decrease in lipid peroxidation. 
Results conclusively show that in terms of their effects palm oil is better than coconut oil, 
so it can be rated as palm oil > coconut oil. 
The section B shows the comparative effect of four unsaturated fatty acids on 
mammalian organs, the results showed that serum, tissue lipids, SGOT, SGPT, urea and 
creatinine are significantly increased in mustard and groundnut oils fed groups when 
compared with control, sunflower and soybean groups. Sunflower and soybean oils were 
found to give beneficial effects as was evident from high levels of hepatic antioxidant 
enzymes and decrease in lipid peroxidation. Soybean and sunflower oils have higher levels 
of antioxidants such as flavonoids and other phenolic compounds compared to mustard and 
groundnut oils which may be one of the reasons for controlling the lipid peroxidation. On 
the basis of the results obtained, the oils used can be arranged in the following sequence in 
terms of their beneficial effects soybean > sunflower oil > groundnut oil > mustard oil. 
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Data of section A and B has been taken together to show the comparison of two 
saturated fatty acids with one unsaturated fatty acids (soybean). The results shown in 
section C indicate that serum, tissue lipids, SCOT, SGPT, urea and creatinine are 
significantly increased in coconut and palm oil fed groups when compared with control 
and soybean group. The beneficial effect of soybean oil is evident from high levels of 
hepatic antioxidant enzymes and a decrease in lipid peroxidation. Reduction of cholesterol 
by soybean oil may be due to the presence of large amounts of linoleic acid, not only this, 
presence of antioxidants such as flavonoids and other phenolic compounds in soybean oil 
compared to coconut and palm oils may be one of the reasons for controlling the lipid 
peroxidation by this oil. 
Following three oils were selected for further studies coconut, mustard and soybean 
oils, which are in, consumed maximally for cooking purposes and their production is also 
high, this reinforced the need for more research in this area. The study provides an insight 
in to the mechanisms underlying the differential aspects of SFA, MUFA and PUFA on 
cholesterol and lipid metabolism as well as hepatic antioxidant enzymes. 
Chapter II describe the study of heated dietary oils on lipid metabolism and antioxidant 
enzyme activities in rats. Deep fat frying is one of the most commonly used procedures for 
the preparation of foods in different forms. A number of compounds are formed during 
heating and fat frying such as lipid peroxidation products, enzyme inhibitors, 
antinutritional factors, mutagens and carcinogens. The results suggest that heated soybean 
oil decreased the serum and tissue lipids, SGOT, SGPT, urea and creatinine as compared to 
fresh and other heated oil groups. Among the three oils used in the study soybean oil was 
found to give beneficial effects as was evident from maximum levels of hepatic antioxidant 
enzymes and prevention of the lipid peroxidation. The lipogenic enzymes increased in 
heated soybean oil as compared to fresh and other heated oil groups, showing the 
beneficial effect of soybean oil on carbohydrate metabolism enzymes. 
Chapter III describes the blending studies of rice bran oil with coconut, mustard 
and soybean oils. The chapter shows the effect of blended rice bran oil on lipid parameters 
and antioxidant enzyme status in rats. Blending different types of oils can give better 
quality products which include physicochemical properties as well as nutritional value at 
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affordable prices. The blended oil gives protection against a number of risk factors 
associated with coronary heart diseases (CHD). These findings encouraged the use of RBO 
in the oil blends being tested in this study. The three commonly consumed oils, namely 
coconut, mustard and soybean oils were blended with RBO in the ratio of 7: 3 and tested 
for their lipidemic properties with the objective of promoting their use in edible oil blends. 
The results suggested that RBO blended oils reduced the serum and tissue lipids, SCOT, 
SGPT, urea and creatinine levels as compared to control group. RBO+SO (Soybean) oil 
with its high polyphenol content was able to maintain the normal levels of lipid profiles, 
high levels of liver antioxidant enzymes and a decreased level of the lipid peroxidation. 
RBO which contains natural antioxidant has been found to be an important functional food 
with cardiovascular health benefits. The antioxidant activity of the polyphenol of RBO+SO 
against copper induced LDL oxidation confirms the high potential of this oil in protecting 
LDL against oxidative stress induced by physiological oxidants. The blends of RBO with 
these oils not only brought about a favourable circulating lipid profile, but may also result 
in an economic advantage of lower prices as RBO is cheaper oil than coconut, mustard and 
soybean oil in the current retail market in India. 
Chapter IV describes the effect of rice bran oil on hypercholesterolemic rats and 
hepatotoxic rats. The results clearly indicate that hypercholesterolemia treated with RBO 
decreased the levels of serum lipid profile, tissue lipids, SGOT, SGPT, urea and creatinine 
as compared to hypercholesterolemia (control) rats. The diet rich in RBO also reduced the 
liver oxidative stress not only by decreasing lipid peroxidation, but also by enhancing the 
antioxidant defence system in such rats. This may not only be due to its fatty acid 
composition but also because of its high content of antioxidant and unsaponifiable matter 
in RBO, that inhibits the formation of reactive oxygen species in a concentration dependent 
way and thus may have been helpful in controlling the cardiovascular diseases. 
Hepatotoxicity is the most common finding in patients with iron overloading. In 
experimental animals iron overload conditions can be obtained by injection of iron salt 
intraperitonially. One of the mechanisms by which iron induces the toxicity is by 
increasing oxidative stress leading to lipid peroxidation. The results suggested that 
incorporation of RBO in the diet at the level of 10% can successfully withstand lipid 
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peroxidation and it also enhances the activities of different antioxidant enzymes. The 
synergistic effect of all the antioxidant components present in RBO played a key role in 
modulating oxidative stress. 
Chapter V describes the modulation of lipid profile and hepatic antioxidant 
enzymes by dietary fats in streptozotocin induced diabetic rats. Dietary advice is the basis 
of all treatment for diabetes mellitus. Diabetic patients have an increased incidence of 
vascular disease and it has been suggested that free radical activity increases in diabetic 
patients, many of the complications of diabetes including retinopathy and atherosclerotic 
vascular disease, are the leading cause of mortality in diabetes, which have been linked to 
oxidative stress. The results indicate that soybean oil is more effective in reducing the 
serum, liver and kidney lipids as well as in enhancing antioxidant enzymes to prevent lipid 
peroxidation. The beneficial effect of soybean oil in decreasing the risk of CHD could also 
be due to other beneficial effects such as insulin sensitization apart from improving lipid 
profile. Thus soybean oil containing high levels of a-tocopherol and linoleic acid compared 
to mustard and coconut oil is beneficial in diabetic conditions, moreover it plays a critical 
role in enhancing the antioxidant defence system leading to decreased lipid peroxidation. 
In conclusion, among the six edible oils studied soybean oil is the best to be used 
for health and preventing diseased conditions. High intake of saturated fatty acids 
(Coconut and palm oil) contributes to hypercholesterolemia. PUFA present in vegetable 
oils help in decreasing the lipid levels to maintain normal functioning of the body. Soybean 
oil contains negligible amount of hypercholesterolemic saturated fatty acids (lauric and 
myristic acid), it has moderately rich amount of the linoleic acid, and it contains vitamin E 
and tocotrienols which are not only powerful antioxidants but are also natural inhibitors of 
cholesterol synthesis. Therefore, intake of soybean oil (rich in PUFA) may give good 
nutritional status to the world population throughout the life span and may contribute to 
several health benefits, including the prevention of diet related chronic diseases. 
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1. INTRODUCTION 
GENERAL 
Fats are important, not only because of the high energy value they provide, but also 
because they serve as a carrier of fat soluble vitamins and nutrients. They are important 
components of the body tissues and organs. They are the major constituents of brain, 
nervous system and soft tissues. In brain, spinal cord and other parts of nervous system, 
phospholipids, cholesterol and galactolipids from a large portion of the functioning tissue. 
Combination of proteins and fats form lipoproteins which are the important cellular 
substances present in both cell membranes and mitochondria. Glycolipids formed by 
combination of lipids with carbohydrates are the important part of white matter of the brain 
and of the myelin sheaths of nerves. The layer of subcutaneous fat is important in 
maintaining body temperature because of its function as an insulator. 
Fats and oils serve as source of energy via P-oxidation, act as a carrier of fat soluble 
vitamins viz. A, D, E and K and facilitate their absorption. In addition to their 
physiological role which includes chylomicron and micelle formation, fats are also 
responsible for providing many of the characteristic flavours, aromas and textures found in 
food. Besides they provide a satiety feeling and make the diet more palatable. In fact 
among the three macronutrients viz. protein, fat and carbohydrate, fat is the highest energy 
producer with a kilo calorie of 9.1 per gram. Lipid is a general term which includes both 
oils and fats. Oils are liquid counterpart of fats. Together they supply 40-50% of the total 
calories ingested by the average Indian consumer. In view of the high energy provided by 
the fat and the high intake, some of the dietary problems are associated with fat 
consumption. Because of its physical properties, large amount of fats are used in the 
production of bakery products. In which the fat not only contributes to the food value, but 
also provides certain physical effects such as lubrication, sealing and foam formations 
(Formo, 1979). The other non-nutritional function of fats is their contribution in providing 
flavour and palatability to foods. All natural fats and oils have a distinct flavour and the 
flavour of a prepared dish is often strongly influenced by the fat employed in its 
preparation. It is generally observed that the effectiveness of a fat in promoting food 
flavour depends to a large extent upon the physical properties of the fat rather than upon 
the flavour of its own that the fat may carry (Formo, 1979). 
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Fats are organic compounds made up of fatty acids and glycerol. They are defined 
as esters of fatty acids with glycerol. The most common fatty acids found in food have 16 
to 18 carbon atoms in a straight chain. In the body the fatty acids usually combine with 
molecules of glycerol forming triacylglycerol. Most natural foods whether from animals or 
vegetable source are triglycerides. The body converts the glyceride into monoglyceride 
during digestion in the small intestine prior to transport across the intestinal membrane and 
carried throughout the body. Excess triglycerides are stored in the adipose tissue, available 
to satisfy the demand of energy whenever required. 
Type of lipids and nutrition of fats are closely interrelated. While the food aspects 
of the lipids are ultimately more important, the nutritional aspects of foods, long term 
consumption of fats also play a major role in maintaining the quality of fats. It is absolutely 
essential to have the knowledge of the type and quality of fats consumed because several 
epidemiological data indicate a relationship between the amount of fat consumed and its 
relation to atherosclerosis and other heart diseases (Collins et al., 1990; Lusis, 2000). 
Fats in the diet are often described as saturated and unsaturated fats. Unsaturated 
fats contain fatty acids with one or more double bonds while saturated fats lack the double 
bonds in their structure. Fats and oils rich in saturated and unsaturated fatty acids are given 
in Table-1. Monounsaturated fatty acids like oleic acid have one double bond, while 
polyunsaturated fatty acids have two or more double bonds. Animal fats such as ghee and 
lard contain more of the saturated fats. They are likely to be solid at room temperature 
when compared to vegetable oils rich in unsaturated fatty acids which are normally liquid 
at room temperature. The physical properties of the fats are greatly influenced by the 
unsaturated and saturated fatty acids in the triglycerides. Fatty acids are also classified as 
essential fatty acids (EFA) and non essential fatty acids (NEFA). 
ESSENTIAL AND NON ESSENTIAL FATTY ACII?S 
The preliminary findings of Burr et al., (1989) made scientists to derive a concept 
that most of the mammals have no ability to synthesize some of the fatty acids on their 
own, thus the fatty acid which are to be supplied through the diet are called as essential 
fatty acids. 
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Table 1: Saturated and unsaturated fats 
Saturated fats/oils Unsaturated fats/oils 
Ghee, Beef tallow 
Vanaspati, Lard 
Hydrogenated fat 
Margarine 
Dhupa fat 
Coconut oil, Palm oil 
Kokum* Cocoabutter 
Salfat* Mango Kemal fat* 
Mahuwa* Karanjia* 
Kusum* 
n-6 rich fats 
Sunflower oil 
Safflower oil 
Groundnut oil 
Sesame oil 
Mustard oil 
Palm oil (low in n-6) 
II-3 rich fats 
Fish oil. Menhaden oil 
Salmon oil and other different sea fat foods 
Linseed, Canola, Soybean oil 
"High in stearic acid (18:0) 
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Saturated and monounsaturated fatty acids can be produced by the body and are 
therefore not essential in the diet. Polyunsaturated fatty acids on the other hand, cannot be 
produced by the body and must be acquired from the diet. For this reason, polyunsaturated 
fatty acids are also known as essential fatty acids. These include linoleic acid (LA, 18:2 n-
6), alpha-linolenic acid (ALA, 18:3 n-3) and arachidonic acid. Arachidonic acid (20:4 n-6) 
is considered to be a semi essential fatty acid. Among these, linoleic acid occurs in large 
amounts in some vegetable oils. The human systems can synthesize arachidonic acid from 
linoleic acid (Wakil et al., 1983). While sesame oil, sunflower oil, soybean oil, niger seed 
oil and safflower oil are rich sources of essential fatty acids, whereas coconut oil and palm 
oil are poor sources. Groundnut oil and mustard oil are fairly good sources of EFA. 
BIOLOGICAL IMPORTANCE OF ESSENTIAL AND NON ESSENTIAL FATTY 
ACIDS 
EFA have a specific biological role and their absence in the diet causes certain 
pathological conditions like dermatitis, increased water permeability of skin and problems 
in fertility. It has been further established that EFA are involved in the synthesis of 
prostaglandins which have highly significant physiological functions such as inhibition of 
platelet adhesion and aggregation (Takahashi et al., 1987), lowering of blood pressure, 
decreased influence of myocardial tissue on both sympathetic and para-sympathetic 
nervous system and it also antagonises hypertensive properties of adrenaline (Vergosen, 
1972). Like other fatty acids, they can also be oxidized to produce energy. Essential fatty 
acids help in maintaining the proper cell membrane structure and contribute in physical 
properties like membrane fluidity, flexibility and permeability thereby altering the function 
of membrane bound proteins (Murphy, 1990). 
There are two categories of unsaturated fatty acids, the n-6 and the n-3, n-6 fatty 
acids include oils like sunflower, groundnut oil and mustard, n-3 fatty acids include 
soybean (Table-1), which differ in the positioning of their double bonds. The positioning 
of these bonds causes the fatty acids to have different shapes and functions. Moreover both 
classes of fatty acids have divergent and important biological roles (Garg et al., 1989). 
Omega-6 fatty acids are far more prominent in the conventional North American diet than 
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omega-3 fatty acids. The precursor fatty acids of the omega-6 and omega-3 series, linoleic 
acid (LA) and alpha-Iinolenic acid (ALA) respectively, can be elongated and desaturated 
(to have more double bonds added) in the body and converted into the other members of 
their group and eventually, into various eicosanoids. In healthy individuals, consuming 
adequate amounts of LA and ALA consumed should be sufficient to maintain proper fatty 
acid metabolism and eicosanoid production. Therefore, they are the only unsaturated fatty 
acids that are truly essential in the diet. However, highly unsaturated, long chain 
polyunsaturated fatty acids (PUFA) (like gamma-linolenic acid, eicosapentaenoic acid and 
docosahexaenoic acid) often provide benefits that the precursor essential fatty acids do not 
and in some cases, may be essential in the diet as well. The optical balance between dietary 
LA and ALA may be important to prevent thrombosis, atherosclerosis and to improve 
insulin sensitivity (Simopoulos, 1999a; Simopoulos, 1999b; Ghafoorunissa et al., 2005; 
Ibrahim et al., 2005). 
Omega-3 fatty acids are most abundant in the cell membranes of the brain, retina 
and the testes and are necessary for proper neural, visual and reproductive function. 
Omega-6 fatty acids on the other hand, are abundant in the liver and in platelets. It is very 
important to consume adequate amounts of essential fatty acids during gestation and 
infancy, when tissues are rapidly developing. EFA are also used by the body to produce 
eicosanoids. Eicosanoids are a group of hormone like substances (prostaglandin, 
leukotriene, thromboxanes, prostacyclins, lipoxins) that are involved in the regulation of 
several body functions including pain, swelling and inflammation, water retention, blood 
clotting, nerve transmission, allergic response, steroid production and hormone synthesis 
(Kinsella et al., 1990). If inadequate amounts of essential fatty acids are consumed, 
abnormal eicosanoid production may result. Abnormal eicosanoid production is implicated 
in a number of disorders including heart disease, diabetes, cancer and rheumatoid arthritis. 
Essential fatty acid deficiency can also cause a number of other symptoms including 
impaired growth, infertility, dermatitis (scaly, dry skin) defective immune response, 
prevention of ischemic and coronary heart diseases (Das, 1999). They also play an 
important role in the development of the central nervous system (Simopoulos, 1991; Uauy 
and Mena, 2001). It is necessary to consume at least 1-4 % of calories as essential fatty 
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acids to avoid deficiency (Goetzl et a!., 1995). Unfortunately the relative efficacy of 
various members of the n-3 fatty acids required in our diets ditfers in conferring dietary 
benefits (Simopoulos, 1991; Das, 1999). 
SATURATED FATTY ACIDS 
A higher intake of saturated fat is widely believed to contribute to the development 
of coronary heart diseases (CHD). A significant positive association has been shown 
between SFA intake and the risk of CHD (McGee DL et al., 1984; Kushi et al., 1985). It 
has also been supported by major epidemiological studies (Kromhout et al., 1995). The 
major concern about dietary fat is saturated fatty acids and cholesterol. Though direct proof 
is still lacking, many studies have concluded that diets rich in saturated fats may 
predispose a consumer to various heart diseases in the later part of his life. 
UNSATURATED FATTY ACIDS 
MoDOunsaturated Fatty Acids (MUFA): 
Epidemiological studies have suggested an inverse association between MUFA 
intake and total mortality, as well as with CHD related deaths (Jacobs et al., 1992). The 
high MUFA energy intake appeared to be associated with a reduced risk of age related 
cognitive decline (Grundy, 1988). Replacement of SFA with MUFA is associated with a 
30% reduction in CHD (Mensink and Katan, 1990). This effect could be related to the role 
of monounsaturated fatty acids in maintaining the structural integrity of neuronal 
membranes (Mills et al., 1995). Moreover, very recent findings have shown that high 
intake of monounsaturated fats may be protective against Alzheimer's disease, whereas 
intake of saturated or trans-unsaturated fats may be detrimental. A low level of fatty acid 
unsaturation (e.g. that of oleic acid) will decreases cellular oxidative stress (Mills et al., 
1995). MUFA consumption leads to preservation of mitochondrial function by increasing 
their resistance to free radical induced modifications (Parthasarathy et al., 1990). 
Polyunsaturated Fatty Acids (PUFA) 
It is important to maintain an appropriate balance of n-3 and n-6 fatty acids in the 
diet as these two work together to promote health. The fish oil is rich in n-3 fatty acids 
where as n-6 fatty acids are found mostly in vegetable oils. When these two groups of fatty 
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acids are out of balance, the body releases chemicals that promote inflammation (Maes et 
al., 2000). Both of these are linked to a wide range of health effects including thrombosis 
(heart attacks and ischemic strokes), immune inflammatory diseases (Rheumatoid arthritis, 
lupus, asthma etc,) dysmenorrhoea, osteoporosis and other disorders affecting the quality 
of life (Lands et al., 1973). High SFA diets have been suggested as risk factors in 
cardiovascular diseases. In contrast PUFA rich diets have been the subject of various 
clinical and experimental studies (Smith-Barbaro and Pucak, 1983), because of their 
hypotensive and other beneficial effects. Numerous epidemiological studies suggest that 
people taking PUFA rich diets have lower blood pressure than people using diets rich in 
saturated fatty acids (Nordoy, 1999; Aguilera et al., 2002). Several studies have been 
shown that diets enriched with either linoleic or linolenic acid was able to prevent blood 
pressure increase induced by sodium loading in rats (Hoffmann, 1986). Evidences from 
several studies indicate that increased dietary levels of PUFA, especially n-3 PUFA can 
reduce the incidence of death from CHD via effects on blood pressure, atherosclerosis and 
thrombogenesis (Raynar and Howe, 1995). 
In the recent past, animal studies have indicated that high fat diets are associated 
with increased incidence and accelerated development of certain tumours. Although 
dietary lipid itself is not usually considered a true carcinogen, it is postulated to enhance or 
promote development of tumour cells. Results from experiments with carcinogen induced 
and transport tumour models showed that diet containing higher levels of marine oils 
derived n-6 PUFA diets have stimulated tumour development, whereas n-3 PUFA diets 
have diminished it (Willet, 1995). 
It has also been shown that changes in the lipid composition of the diet, readily 
induces fatty acid alteration in both the neoplastic and non neoplastic cell membranes, 
hence in the cell's physiological and pathological behaviour. Certain membrane fatty acid 
alteration, can affect the cellular responsiveness to external stimuli e.g. growth factors, 
hormones and antibiotics. Such fatty acid changes may also affect membrane permeability 
and selectivity, it may change specific enzymatic pathways, that can influence the cellular 
metabolism of certain carcinogens or chemotherapeutic agents. Cellular lipids are also 
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enzymatic substrates for a variety of intracellular metabolic events such as eicosanoid, 
prostaglandin and leukotriene synthesis. These eicosanoids thus derived from PUFA can 
affect a variety of important cellular functions. It is therefore easy to understand how the 
alterations in lipid composition might significantly modify the growth and differentiation 
of cells (Clarke, 2000; Clarke, 2001). n-3 fatty acids in combination with other nutrients 
(namely vitamin C, E, P-carotene and selenium) may prove to be of particular value for 
preventing and treating breast cancer (Zhu et al., 1995). 
There are several lines of evidence which suggest that composition of fat diet may 
play indeed a major role in depression and other mental conditions. After all, brain is all fat 
and fats in the brain could easily be altered by the diet. At present in the affluent societies 
the diet contains 16 times greater n-6 PUFA than n-3 PUFA and this highly imbalanced 
intake of essential fatty acids might be responsible for altered mental health. Fats could 
influence brain signalling, all chemical and electrical signals must pass through the outside 
wall of the brain cells, which is composed almost entirely of fats. Neuronal cell membranes 
are infact 20% essential fatty acids. Fatty acids have also been linked to the 
neurotransmitter serotonin, which inhibits the transmission of nerve impulses across brain 
synapses (Sheelu Varghese et al., 2001). n-3 PUFA are known to support visual and neural 
functions (Neuringer et al., 1998). n-6 PUFA appeared to maintain dermal integrity and 
renal function more than n-3 PUFA. 
The involvement of long chain derivatives of PUFA in lipogenesis, glucose 
utilization and insulin sensitivity, thermo-regulation, cholesterol transport and synthesis, 
LDL receptor expression, growth and differentiation has been shown in several studies 
(Clarke, 2000; Clarke, 2001; Pegorier et al., 2004; Ghafoorunissa et al., 2005; Ibrahim et 
al., 2005). Dietary supplement with PUFA is one of the new therapies being investigated 
for immune related renal diseases (Leaf and Weber, 1998). The benefits of n-6 PUFA in 
decreasing the risk of CHD could be due to other beneficial effects such as insulin 
sensitization (Lovejoy and DiGirolamo, 1992; Lovejoy, 1999) apart from improving lipid 
profile. 
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CONSUMPTION OF OILS AND FATS 
Knowledge of the extent of consumption of fat and the composition of edible oils is 
important, as there is a relationship between the type of fat consumed and various 
cardiovascular diseases (Levy, 1979). Besides, vegetable oils form one of the very 
important components of food consumed by human beings. The importance of vegetable 
oils rich in polyunsaturated fatty acids (PUFA) are being recognized now in view of the 
health risks caused by animal fats, which are generally rich in, saturated fatty acids (SFA). 
Hence, while considering the role of oils and fats in the Indian diet one must consider their 
quality. 
VEGETABLE OILS 
The emphasis on the consumption of fats from vegetable sources is due to the 
availability of unsaturated fatty acids in large quantities, which has been found to be 
beneficial for human consumption, since it has been shown to reduce the chances for 
coronary heart disease and related cardiovascular diseases. Vegetable oils are the main 
source of dietary fats, the most commonly consumed oils include groundnut oil, soybean 
oil, mustard oil, sunflower oil, coconut oil and palm oil. The type of oil consumed also 
varies from region to region depending upon the availability in sufficiently large amounts. 
Coconut oil is the major source of fat in Southern parts of India particularly Kerala state. 
Groundnut oil and palm oil in Southern and Western parts of India. Mustard oil in West 
Bengal, Bihar and other Northern parts. Sunflower and soybean oil is used through out the 
India. Recently rice bran oil as a fat source is being widely used for culinary purposes. The 
compositions of various oils commonly consumed are given in Table 2. In view of the 
large amount of linoleic acid (18:2, n-6) present in various oils, consumption of such 
vegetable oils easily meet the essential fatty acid requirement of the population even at low 
levels of consumption (ICMR 1990). 
COCONUT OIL 
Cocos nucifera L., the coconut from which coconut oil is extracted is one of the 
most useful trees in the world. Coconut oil prepared from good quality copra is light 
coloured, with a pleasant taste and characteristic odour and is therefore consumed without 
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refining in India and in many other countries. On refining, however, clear white oil is 
obtained which is odourless. The coconut oil belongs to the unique group of vegetable oils 
called lauric oils, the most abundant fatty acid in this group is lauric acid (12:0) (Pehowich 
et ah, 2000). Coconut oil is distinguished from other oils by its low iodine value and high 
saponification value. It solidifies very fast at 20°C and dose not soften gradually with 
increasing temperature like many other oils, but melts to within a few degrees rise of 
temperature (Cornelius, 1973) this property is attributed mainly to the unique fatty acid 
composition with high amounts of saturated fatty acids with little unsaturated fatty acids 
(Table 2). The saturated character of the oil imparts a strong resistance to oxidative 
rancidity. The amount of unsaponifiable matter in crude coconut oil is approximately 0.2-
0.6% consisting of sterol. The remaining part consists of squalene, hydrocarbon, 
triterpenes and wax made up of myricyl acetate and tocopherols. Recent research suggests 
that saturated fat (Coconut oil) intake appears to be a risk factor for insulin resistance, 
which is important in the pathogenesis of type II diabetes mellitus and cardiovascular 
disease (Pehowich et al., 2000). The consumption of coconut oil has been found to be 
significantly associated with hypertension (Beegom and Singh, 1997). 
PALM OIL 
Palm oil is produced from the fruits of the Elaeis guinensis tree. It is one of the 
most widely used cooking oils in Southeast Asia and West and Central Africa. Palm oil 
contains higher concentration of saturated fatty acids than do many other vegetable oils. 
Palm oil has a semisolid texture at room temperature (Cottrell, 1991). 
Almost 90% of the world palm oil production is used as food. This is one of the 
reasons that the nutritional properties of palm oil and its fractions be adequately 
demonstrated. The fatty acid composition of palm oil has thus been the focus of attention 
in determining its nutritional adequacy in relation to CHD risk factors (Ebong et al., 1999). 
As mentioned earlier, palmitic acid is the major saturated fatty acid (palmitic 39.6%) in 
palm oil and this is balanced by almost 42.2% monounsaturated oleic acid and 11.5% 
polyunsaturated linoleic acid. The remainder is largely stearic (4.8%) and myristic (0.9%) 
acids (Table 2). This composition is significantly different from palm kernel oil (obtained 
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as a co-product during the processing of oil palm fruits) which is almost 85% saturated. 
The minor components of interest in palm oil are the vitamin E, carotenoids and an 
antioxidant-rich phenolic-flavonoid complex recovered from this oil. The emphasis has 
been on the cholesterol lowering effects of palm oil having tocotrienols, carotenoids and 
the phenolic-flavonoid complex, carotene concentrates and the antioxidant, anticancer 
properties of palm vitamin E (Tan, 1992). 
SOYBEAN OIL 
Soybean oil (Glycine max) is one of the most widely used cooking oil. The 
soybeans originate from China. However, it only began to be grown internationally during 
the last century, soybean oil is the leading vegetable oil for human food in the USA, 
followed by Europe and South America. The world production of soybean oil is about 15.7 
million metric tons. Soybean has drawn considerable attention from nutritionists in Asia 
because it is less expensive to grow and yet rich in calories. Soybean which did not even 
exist as an oil seed crop in India before the 1960s is now the third most important oil seed, 
covering an area of more than 2.4 million hectares. About 30 percent of the total area in 
Madhya Pradesh is occupied by this crop now called as the 'Soybean State'. 
Soybean oil contains higher concentrations of unsaturated fatty acids than other 
vegetable oils (Table 2). The quality of soybean oil surpasses that of other oils. It contains 
20 percent fat and has a large content of polyunsaturated fatty acids, which are 
anticholesteric. Low in saturated fat, soybean oil is an excellent source of essential fatty 
acids. The other fatty acids in soybean oil are plamitic (10%), stearic (4%), linoleic 
(53.2%), oleic (24.4%), linolenic (7.5%) and high content of vitamin E (115 mg/100 ml 
oil) (Prakash et al., 2001). This makes it a high quality vegetable oil, with cholesterol 
lowering function (Miyazawa et al., 1994). 
SUNFLOWER OIL 
Sunflower (Helianthus annuus) was originally from North America where it was 
traditionally cultivated by native Indians. Today, sunflower oil holds undisputed claim to 
third place among edible vegetable oils. Annually, world sunflower oil production is about 
7.8 million metric tons. Sunflower oil is relatively low in the saturated fatty acids (Table 
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2), palmitic and stearic acids. The fatty acids in sunflower oil are myristic (0.09%), 
plamitic (7.42%), stearic (4.3%), linoleic (56%), oleic (31.2%) and arachidic (0.8%). The 
high linoleic acid content and the high ratio of PUFA to SFA prompt some nutritionists to 
believe that sunflower oil might be useful in the prevention and treatment of high blood 
cholesterol and heart diseases. Sunflower has been found to be effective as other vegetable 
oils in lowering plasma cholesterol levels (Garg and Blake, 1997; Ruiz-Gutierrez et al., 
1999). The peculiar feature of sunflower oil, as compared to other common vegetable oils, 
is its high content of linoleic acid and vitamin E (83.2 mg/100 ml oil) (Perez-Jimenez et 
al., 1995; Trautwein et al., 1999; Prakash et al., 2001). 
GROUNDNUT OIL 
Groundnut or peanut (Arachis hypogaea), which contain 47 to 50% oil, is an 
important crop, especially in the warm regions of the world. Annual world production of 
groundnut oil is about over 3.76 million metric tons. Groundnut oil supply about 5% of the 
world's fats and oils. The major portion of the characteristic peanut aroma and flavor is 
imparted by the oil. The concentration of saturated and unsaturated fatty acids of this oil is 
given in Table 2. The fatty acids in peanut oil contain myristic (1.37%), plamitic (19.8%), 
stearic (3.11%), linoleic (30.2%), oleic (42.5%) and arachidonic (1.7%). Groundnut oil is 
atherogenic in rats (Gtesham et al., 1960) rabbits (Kritchevsky et al., 1976) and monkeys 
(Kritchevsky et al., 1982). Peanut oil may not induce hypercholesterolemia (Ghafoorunissa 
etal., 1995). 
MUSTARD OIL 
Mustard oil is most popular cooking medium in India. There are two varieties of 
mustard seeds i.e., yellow {Brassica campestris) and black (Brassica juncea). Among 
them, black mustard seeds have been widely grown for its oil in India, Pakistan and 
Bangladesh. The concentrations of saturated and unsaturated fatty acids vary in mustard oil 
(Gopalan et al., 1974) (Table 2). The saturated and unsaturated fatty acids in mustard oil 
include myristic (0.6%), plamitic (3.5%), stearic (1.4%), behenic (2.2%), linoleic (14.8%), 
erucic (48.3%) and linolenic acid (9%). Tsunoda et al., (1980) have reported a high 
concentration of erucic acid in mustard oil (80%). The mustard oil having up to 40% erucic 
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acid has been reported to lower the digestibility. Retardation in the growth of young rats 
was observed when kept for 67-69 days on 20% diet of mustard oil. Mustard oil given for 
a period of 16 weeks caused rapid accumulation of lipids in heart (Abdellatif and Vies, 
1973), myocardial necrosis and fibrosis (Bachir et al., 1994) in laboratory animals, these 
diseases have also been reported in monkeys when kept for one year diet containing 20% 
mustard oil (Gopalan et al., 1974). Due to the high contents of erucic acid in mustard oil, it 
is not used as edible oil in European countries, USA and Canada. Mustard oil that has low 
erucic acid content has been permitted as edible oil. The pungent smell of the mustard oil 
is due to glucosinolates. Glucosinolates increase the serum vitamin concentration and 
cause copper accumulation in the liver (Pintao et al., 1995). The aim of this study was to 
evaluate the toxicity of high dose mustard oil as compared to other edible oils for a 
prolonged time period. 
RICE BRAN OIL 
Rice, along with wheat, has been the major staple of the Indian diet. Milling of 
paddy to obtain edible rice grains yields two byproducts which are of economic and 
nutritional importance, namely paddy husk and rice bran. Rice bran, unlike paddy husk, 
can serve as an animal feed, as a human food supplement and as a valuable source of 
edible oil. India, like China, has vast rice bran potential. Rice bran that has been heat 
stabilized to inactivate the lipase is a good source of edible oil with nutrition and health 
promoting potential (Table 2). Rice bran oil (RBO) is not popular oil worldwide, but it is in 
steady demand as it is called "healthy oil" not only in Japan but also in Asian countries 
(Sugano et al., 1999), particularly in India. Rice bran oil has a desirable fatty acid profile 
with 35 percent LA and 2 percent ALNA acid. 
A number of studies in human animals have shown that RBO is as effective as 
other vegetable oils in lowering plasma cholesterol levels (Rukmini and Raghuram, 1991; 
Most et al., 2005). The peculiar feature of rice bran oil, as compared to other common 
vegetable oils, is its high content (4-5 percent) of unsaponifiable matter (Raghuram and 
Rukmini, 1995). The high unsaponifiable matter in rice bran oil is not only safe for human 
consumption but it is also effective for reducing blood cholesterol and guarding against the 
risk of heart disease due to the presence of valuable phytochemicals (Table 3) (Sugano and 
Tsuji, 1996). 
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Figure 1: Diagrammatic presentation of fatty acid content of fats and oils. 
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Table 3: Phytochemical content of rice bran oil 
Components 
Tocols 
Tocopherol 
Tocotrienol 
Gamma Oryzanol (Ferulic acid 
esters) 
Cycloartanol 
Cycloartenol 
Content mg/lOOgm 
11 
4 
7 
1176 
106 
482 
24-Methylene cycloartenol 494 
Phytosterols 
Campesterol 
Stigmasterol 
B-Sitosterol 
Others 
Squalene (Hydrocarbons) 
Phospholipid (Lecithin) 
Waxes 
Unsaponifiable matter 
1806 
51 
271 
885 
756 
4200 
3000 
4200 
(Data taken from De Decker and Korver, 1996; Narasinga Rao, 2000) 
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This potential of rice bran oil in protecting against high blood cholesterol has been 
studied and exploited only during the last two decades (De Decker and Korver, 1996) RBO 
lowered plasma cholesterol more effectively than other oils rich in linoleic acid. These effects 
can also be attributed to the occurrence of other specific components in RBO like y-oryzanol 
and tocotrienols (Cicero and Gaddi, 2001). Tocopherol and tocotrienols, which are present in 
high concentrations, provide oxidative stability to RBO and improve its shelf life, as 
compared to other edible oils (Nicolosi et al., 1991; Sugano and Tsuji, 1997). Now attention 
has began to focus on the components of rice bran oil, including phytosterols, triterpene 
alcohols, tocopherols and tocotrinols, as possible hypocholesterolemic agents. A safety 
evaluation of RBO was carried out by the FDA/WHO protocol. It was proved to be safe for 
human consumption, without any side effects. 
LIPID PEROXIDATION 
The deleterious effects of oxidative damage on lipids and proteins are of paramount 
interest in biological and biomedical research. Some of the oxidative damages can not entirely 
be counteracted and lead to cellular dysfunction. Mitochondrial membranes are very sensitive 
to free radical attack because of the presence of carbon-carbon double bond in the lipid tails 
of its phospholipids. Oxidative stress induces numerous types of alterations in biological 
membranes (Halliwell and Gutteridge, 1999). Peroxidation of lipids is one of the many 
structural manifestations. Lipid peroxidation results in a variety of biochemical and 
biophysical changes in the membrane, which is one of the major mechanisms responsible for 
biological damage. In many human diseases there often occurs membrane damage in some 
organ or tissue due to lipid peroxidation and this alters the structure and function of the 
membrane (Halliwell and Gutteridge, 1992; Halliwell et al., 1995). It is known that lipids can 
become rancid as a consequence of oxidation and this oxidative rancidity is the major cause of 
food deterioration. The oxidative deterioration of food lipids involves primary autoxidative 
reactions which are accompanied by various secondary reactions which are oxidative and non 
oxidative in nature. From the stand point of foods oxidation of the unsaturated fatty acid 
oleate, linoleate and linolenate are the principle ones (Labuza, 1971). The susceptibilily and 
rate of oxidation of these fatty acids increases in relation to their degree of unsaturation. 
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Initiation RH • I T I * 
-> R' + H 
Propagation R'+Oi 
ROO*+RH 
RO* + RH -
-•ROO* 
Slow 
— • ROOH 
-> ROH + R* 
Termination R*+ R* ^ R-R 
R* + ROO* • ROOR 
ROO* + ROO* ^ ROOR + O2 
Oxidation of unsaturated fatty acids unless mediated by other oxidants or enzyme 
systems proceeds through a free radical chain mechanism involving initiation, propagation 
and termination steps (Kochhar, 1993). RH refers to any unsaturated fatty in which H is labile 
by reason or by being on a carbon atom adjacent to the double bond. R refers to the free 
radical formed by removal of the labile hydrogen. Free radicals can be defined as molecules 
or molecular fragments containing a single unpaired electron. The free radical circulates in the 
blood stream and thus can cause a variety of disorders and damages in the vascular system 
leading to pathogenicity. 
Biomembranes contain substantial amounts of polyunsaturated fatty acids that can 
undergo peroxidative breakdown. Hydroperxides (ROOH) are the major initial reaction 
products of fatty acids with oxygen. The initial step is hydrogen atom (H2) abstraction 
followed by addition of oxygen to give a lipidperoxy radical (LOO*) which may enter a 
complex series of reactions that yield a variety of products. These subsequent reactions 
control both the rate of reaction and the nature of products formed. 
-n* +0. LH 
LH • L* • LOO* 
LOOM • LO 
-> LOOH 
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Figure 2: Mechanism of Lipid peroxidation. 
Direct 
reaction 
with singlet 
oxygen 
A=A=A=/ 
initiation of 
peroxidation 
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occur at several places 
t in the chain) 
Molecular 
rearrangement 
V=\=A=A 
• Carbon-centered radicals 
O, 
\=A=A Other reaction 
O2 Major reaction 
H* Abstraction from 
1 r adjacent membrane lipid 
"*• 1. Oxidation of cholesterol 
2. Attach on membrane proteins 
3. Reaction of two peroxyl rradical to cause 
singlet oxygen ('Oj) formation 
\=A=A 
O2H Lipid hydroperoxids plus 
a new carbon-centered 
radical that continues 
the chain reaction 
(Adapted from Halliwell et al., 1995) 
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These compounds are responsible for the off flavours and the further reaction with other food 
constituents like proteins. LOO, LO, LOOH are products including aldehydes, unsaturated 
aldehydes, alkanes, epoxy fatty acids. Thus, many of the end products formed are cytotoxic. 
Lipid peroxidation has been the subject of numerous investigations in relation to cell injury 
especially with respect to the peroxidation of PUFAs (Dormandy et al., 1979). Generally the 
most extensive changes occurring due to peroxidation of biomembranes involve highly 
unsaturated fatty acids that is arachidonic acid (20:4, n-6) (May and MaCay, 1968). Similarly 
cholesterol can also get oxidized. Autoxidation of cholesterol at 82°C is rather slow for 
development and formation of any decomposition products. Several derivatives of cholesterol 
such as 7a-hydroxyl cholesterol, dihydrocholesterol and 7-keto cholesterol as well as the 
oxidation products of cholesterol have also been shown to be atherogenic (Addis, 1986). 
Dried eggs have significant amounts of oxidized cholesterol. Similarly vegetable oils 
containing sterols such as P sitosterols also can undergo oxidative changes during deep fat 
frying. Thermally oxidized vegetable oil has been reported to cause hypertrophy of the bile 
ducts. 
Lipid peroxides are shown to inhibit the production of prostacyclin, a prostaglandin 
that protects the lining of blood vessels. The lipid peroxides also have a tendency to clot by 
stimulating thrombin generation (Barrowcliffe et al., 1984). Due to oxidation, the 
malonaldehyde, which is produced enzymatically by platelets as well as by autoxidation, 
causes LDL to cross-link. These cross-linked proteins are not recognized by receptors that 
take up LDL and hence plasma LDL levels in the blood rise. This modified LDL also leads to 
the proliferation of smooth muscle cells in the blood vessel walls leading to the risk of 
atherosclerosis due to high plasma LDL. Similarly, the risk of ischemic heart disease (IHD) 
can be ascribed to an elevated level of plasma cholesterol or high LDL/HDL ratio. Dietary 
factor also play a role (Gey, 1986). Peroxidation of lipid materials in biomembranes also 
involves cholesterol (Smith, 1981), but the biological implications have not been extensively 
evaluated as are those of PUFA oxidation (Figure-2). 
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Extensive peroxidation of biomembranes can affect the structure and function in several ways 
such as: Decrease in membrane fluidity, liberation of breakdown products from the site of 
lipid peroxidation, formationm of lipid hydroperoxides that may stimulate or inhibit specific 
enzymes associated in the biomembrane, oxidation of thiol group that may effect enzyme 
activity in the membrane, protein conformation that is related to protein lipid association, 
decrease in the relative content of arachidonic and docosahexaenoic acid (22: 6, n-6). 
ANTIOXIDANT 
Antioxidant may be classified as: 
1. Preventive antioxidants. 
2. Chain breaking antioxidants. 
The former category includes metal chelator as superoxide dismutase, catalase and 
glutathione peroxidase. In the second category is lipid soluble chain breaking agents such as 
a-tocopherol, ubiquinones, retinoic acid, P-carotene, and water soluble ascorbate, glutathione 
(GSH) and urate (Mates et al., 1999). 
The hydrogen peroxide (H2O2) formed primarily by peroxisomal oxidases, is decomposed by 
catalase (Kok et al., 1988). However, the mechanism of induction of hepatic catalase is 
unclear. Besides, spontaneous non-enzymic dismutation could also elevate concentration of 
hydrogen peroxide. Oxidized fat can also lead to an escalation of O2 generation by a P-450 
and NADPH dependent microsomal source, which is removed by catalase. H2O2 released into 
the cytosol is detoxified by glutathione peroxidase than by catalase. The oxidatively formed 
H2O2 at low concentration is also reduced by glutathione peroxidase in which glutathione 
serves as a substrate, while catalase activity in the destruction of H2O2 appears to be important 
only at a higher concentration of H2O2. Vitamin E has been reported to have antioxidant 
activity due to the presence of tocopherol and tocotrienols (Figure-3). The capacity to cope up 
with higher lipid peroxides is dependent upon adequate intake of selenium, copper, zinc, 
sulphur aminoacids, vitamin C and E, P-carotene is also an antioxidant and is significantly 
active under low oxygen concentrations (Burton and Ingold, 1984). 
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Figure 3: Antioxidant groups and their functions. 
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THE AIM OF THE PRESENT INVESTIGATION WAS TO STUDY THE EFFECT OF 
VARIOUS EDIBLE OILS ON MAJOR MAMMALIAN ORGANS OF RATS. 
Vegetable oils form the major dietary source of fat in India. A wide variety of 
vegetable oils are used as cooking material, most important being coconut, mustard, soybean, 
groundnut, sunflower and palm oils. The fat intake is highly income dependent, and is based 
on the socio economic status and availability of particular oil in that region in sufficiently 
large amounts. 
The emphasis on the consumption of fats from vegetable sources is due to the availability of 
unsaturated fatty acids in large quantities, which has been found to be beneficial for human 
health. It has been shown to reduce the chances for coronary heart disease and related 
cardiovascular diseases. Since there is concern for using animals fats in view of health risks 
* 
posed by these fats more and more vegetable oils are being consumed for their protective 
nature in health and disease. It has been shown that fats rich in saturated fatty acid in human 
diets tend to increase serum cholesterol levels as compared to fats rich in polyunsaturated 
fatty acids. Many epidemiological studies have also indicated a relationship between evidence 
of atherosclerosis and serum cholesterol levels (Vega et al., 1982; Kris-Etherton et al., 1988). 
However, conflicting report exists on the cholesterol lowering effects of PUFA in animals. An 
increase in cholesterol level is reported by Meijer et al., (1987) on using PUFA. However a 
decrease in the levels is reported by Kritchevsky et al., (1983) and Zhang et al., (1990) and no 
effect is reported by Alfin Slater (1967) and O'Brien et al., (1977). 
In view of the above, the present study was undertaken to evaluate the effect of six 
different oils viz. Coconut, palm, groundnut, mustard, sunflower and soybean oil (5% and 
20% levels) which vary in chain length, saturation, unsaturation and natural antioxidant on the 
growth, lipid metabolism and hepatic antioxidant enzymes in rats. A comparative study was 
also conducted after heating these (Coconut, mustard and soybean oils) oils 
NUTRITIONAL AND BIOCHEMICAL STUDIES WITH HEATED OILS 
Deep fat frying is one of the most commonly used procedures for the preparation of 
foods and there is reasonably high fat consumption in the form of fried snacks (Sadana et al., 
1997). Hence, it was thought to be of interest to study the effect of heated oils as compared to 
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fresh oil on health of rats. Thermal oxidation of edible oils and fats for a considerable length 
of time results in the formation of compounds with antinuritional properties (Alexander et al., 
1987). It has been demonstrated that profound qualitative and quantitative changes takes place 
during heating and flying. A number of compounds are formed during heating and fat frying 
such as lipid peroxidation products, enzyme inhibitors, antinutritional factors, mutagens and 
carcinogens (Billek, 1979; Varela et al., 1988). During such process unavoidable chemical 
reaction lead to the formation of both volatile and nonvolatile products, this may affect animal 
and human health. Certain oils have been found to be more suitable due to their stability at 
high temperature for long periods especially due to the presence of antioxidants (Basiron, 
1996). 
Effect of oxidized soybean oil on the activities of different enzymes like catalase, 
superoxide dismutase, glutathione peroxidase, glutathione redutcse and glucose-6-phosphate 
dehydrogenase in both erythrocytes and liver have been reported (Kok et al., 1988; Hayam et 
al., 1995). Heated edible oil has also been reported to affect a variety of physiological 
functions leading to growth retardation in rats (Clark and Serbia, 1991). Heated fats at higher 
temperature give loss of unsaturation, also affects metabolic functions. The safety of 
thermally heated oils for consumption has been questioned for a long time therefore in the 
present work studies have been carried out on heated oils under a variety of conditions. 
BLENDING OF OILS 
In the past decade, India has imported large quantities of edible oils to bridge the 
increasing gap between indigenous production and growing demand of fats and oils. Blending 
of oils may reduce the pressure for regional preferences of specific individual oils and, also it 
leads to an increase in nutritional value, thereby indirectly helping in stabilizing the edible oil 
prices in the country. Unconventional oils can be explored for blending with common 
vegetables oils. Blending different types of oils can give better quality products which include 
improved physicochemical properties as well as nutritional value at affordable prices. 
Blending of oils for the manufacture of vanaspathi has been a common permitted practice for 
many decades (Lewis, 1986). In India, chronic energy deficiency associated with low fat 
intake continues to be widely prevalent (Vinodini et al., 1993). Coronary heart diseases are 
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the result of several risk factors, which includes the modifiable risk factors. The deleterious 
effects of non-modifiable risk factors (genetic and advancing age) can be prevented or at least 
delayed by manipulating dietary factors. Among the dietary factors, the role of fat on several 
inter-related physiological and pathological processes have now become apparent (Ashwell, 
1997). What is more important here is the correct choice of oil containing a specific ratio of 
saturated, monounsaturated and polyunsaturated fatty acids. No single vegetable oil in India 
provides this ratio. Blending of two (binary) or three (ternary) edible oils seems to be the only 
alternative (Nestal et ah, 1992). The blended oil gives protection against a number of risk 
factors associated with CHD (Noakes and Clifton, 1998; Khan, 2001). Limited data is 
available on effect of oil blends on the physiological system. RBO has tremendous potential 
for blending with other oils, in India as well since it is predominantly a rice producing 
country. These findings encouraged the use of RBO in the oil blends, which has been tested in 
this study. The three commonly consumed oils, namely coconut oil, mustard oil and soybean 
oil were blended with RBO in the ratio of 7: 3 and then it was tested for their lipidemic 
properties with the objective of promoting their use in edible oil blends. 
EFFECT OF RBO IN SOME DISEASED CONDITIONS OF RATS 
1. Effect of rice bran oil on hypercholesterolemic rats 
Experimental studies with the use of RBO oil alone have shown that it could decrease 
TC, TG and phospholipid in the serum of rats. The apparent protective role of RBO oil in the 
development and progression of hypercholesterolemic prompted us to use this oil in the 
hypercholesterolemia rats to see the beneficial effect of this oil in this diseased condition as 
well as its effect on antioxidant defence system. 
2. Effect of dietary fats (Groundnut and rice bran oil) on iron induced hepatotoxic rats 
Iron is one the important metals associated with proteins, cytochromes, haemoglobin, 
methaemoglobin. Excess iron causes toxic effects resulting in health problems due to lack of 
excretion of excess iron by the body (Bristton et al., 1987). Liver, heart, pancreas and other 
organs could be damaged severely due to iron overloading. Iron overloading leads to impaired 
cardiac function, diabetes meflitus, endocrinopathies, skin pigmentation etc. (Niederen et al.. 
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1985). Hepatotoxicity is the most common finding in patients with iron overloading. This is 
due to the massive deposition of iron in hepatic parenchymal cells, which eventually produces 
fibrosis and ultimately results in cirrhosis (Weintraub et al., 1985). One of the mechanism by 
which iron induces the toxicity is by increasing oxidative stress and lipid peroxidation. In 
experimental animals iron overload conditions can be obtained by injection of iron salt 
intraperitonially (Dillard et al., 1984). 
RBO is markedly different from all other vegetable oils in many chemical, physical 
and physiological properties, and it is a good nutritious food for humans (Raghuram and 
Rukmini, 1995; Cicero and Gaddi, 2001), this effect of RBO can be attributed to the 
occurrence of specific components like, y-oryzanol and tocotrienols (Most et al., 2005). Since 
there are no studies dealing with the effects of rice bran oil on iron induced toxicity it was 
thought worth while to evaluate the protective role of dietary fats (GNO and RBO) against 
iron induced toxicity. 
DIABETIC RATS TREATED WITH EDIBLE OILS 
Dietary advice is the basis of all treatment for diabetes mellitus. The choice of the best 
dietary treatment for diabetic patients is still an object of debate. While there is no question 
that a reduction of saturated fat is mandatory, there are still uncertainties, for example, the 
role of complex carbohydrates complementing caloric intake versus unsaturated fat. A low fat 
diet high in carbohydrates has beneficial effects on serum cholesterol levels, but it may also 
have unfavourable effects on other important risk factors for CHD for example an increase in 
VLDL cholesterol and decrease in HDL cholesterol is harmful, because lipidemia in diabetic 
patients is characterized by increased triglyceride and VLDL cholesterol levels (Garg, 1993). 
A different approach to decrease plasma lipids without effects on other CHD risk factors 
could be a modified diet, in which the amount of saturated fat and cholesterol is replaced by 
either monounsaturated (Garg, 1993; Reaven, 1995) or polyunsaturated fat (Collier and 
Sinclair, 1993). 
In recent years, much attention has been focussed on the role of oxidative stress, and it 
has been reported that oxidative stress may constitute the key and common event in the 
pathogenesis of secondary diabetic complications (Ceriello, 2000). Diabetic patients have an 
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increased incidence of vascular disease and it has been suggested that free radical activity is 
increased in diabetes (Oberley, 1988; Mak et a!., 1996). 
Free radicals are continuously produced in the body as a result of normal metabolic 
processes and interaction with environmental stimuli. Oxidative stress results from an 
imbalance between radical generating and radical scavenging systems, i.e. increased free 
radical production or reduced activity of antioxidant defenses or both. Implication of 
oxidative stress in the pathogenesis of diabetes is suggested not only by oxygen free radical 
generation but also due to non-enzymatic protein glycosylation, autooxidation of glucose, 
impaired glutathione metabolism, alteration in antioxidant enzymes (Strain, 1991), lipid 
peroxides formation (Baynes, 1991). In addition to GSH, there are other defence mechanisms 
against free radicals like the enzymes, superoxide dismutase, glutathione peroxidase and 
catalase whose activities contribute to eliminate superoxide, hydrogen peroxide and hydroxyl 
radicals (Soto et al., 2003). For many of the complications of diabetes including retinopathy 
and atherosclerotic vascular disease, the leading cause of mortality in diabetes have been 
linked to oxidative stress and antioxidants have been considered as treatments. 
The present study examines and compares the effects of three oils (10% Coconut, 
mustard and soybean oils) rich in saturated, monounsaturated and polyunsaturated fatty acids, 
respectively mixed with the diet, on serum, liver and kidney lipid profiles as well as on 
hepatic antioxidant enzymes activities. 
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SCOPE OF THE PRESENT INVESTIGATION 
Fats and oils are important constituents of our diet, as they prove a concentrated 
source of calories with less bulk as compared to other macronutrients such as carbohydrates 
and protein. The consumption of fats from vegetable sources provides large quantities of 
unsaturated fatty acids. Since there is concern for using animal fats in view of health risks 
posed by them more and more vegetable oils are being consumed for their protective nature in 
health and disease. It has been shown that fats rich in saturated fatty acids in human diets tend 
to increase serum cholesterol levels as compared to fats rich in polyunsaturated fatty acids. 
With the background of the thesis literature reviewed, the present work was undertaken for 
comparative study of different dietary oils on health of rats. 
The aim of the present study was 
1. To compare the effect of commonly used edible oils on the health of various 
mammalian organs. 
2. To shed some light on the contradictory observations about the coconut oil and PUFA. 
To fulfil the main objective the following specific approaches were employed. 
Comparative study of the effect of long term feeding of saturated fatty acids (Coconut 
and palm oil) and unsaturated fatty acids (Groundnut, mustard, sunflower and soybean oil) on 
serum, tissue and hepatic antioxidants as well as on lipid profile by feeding two different (5% 
and 20%) levels of oils. 
Out of six oils, following three oils (Coconut oil, mustard oil and soybean oils) which 
are maximally consumed and have high production were selected for further studies. It is 
expected that such a study would provide an insight in to the selection of right kind of oil in 
the diet in health and diabetes as well as in understanding differential aspects of SEA, MUFA 
and PUFA on the cholesterol and lipid metabolism. In addition to this, investigations were 
undertaken to compare the blending of SFA, MUFA and PUFA with RBO, and the effect of 
RBO on iron induced hepatotoxic and hypercholesterolemic rats. It provides the knowledge 
of the appropriate use of RBO in health and diseased conditions. The information derived 
from the present study supports the beneficial health effects of PUFA intake and shows that 
the diet based on good oils is beneficial for maintaining healthy body organs. 
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2. MATERIALS 
VEGETABLE OILS 
The oils used in the study were selected on the basis of their common usage in 
India. Two oils were chosen from the category of saturated fatty acids namely coconut oil 
(Nihar brand, Abdos oils Pvt. Ltd, Bipranapara) and palm oil (Ruchi Gold brand, Ruchi 
Industries Ltd, Mumbai). Four oils that are mustard oil (Dhara brand. National Dairy 
Development Board, Anand), sunflower oil (Sundrop brand, Agrotech Foods Ltd, 
Secunderabad), soybean oil (Vital brand, M/S. S.M Dyechem Ltd, Mumbai), groundnut 
oil (Postman brand, Ahmed Mills, Mumbai) were taken in the category of MUFA and 
PUFA. Rice bran oil obtained from (Edible grade, Bansal oil Extraction Pvt. Ltd, Kolkata) 
their sources are mentioned in parenthesis. 
CHEMICALS 
Chemicals used for the present study were obtained from the following sources. 
Sigma Chemicals Co., USA 
p-nitrophenyl phosphate, glutathione reductase, l-chloro-2,4-dinitro-benzene 
(CDNB), glucose oxidase, 5-5' dithiobis-2-nitrobenzoic acid (DTNB). 
Hi-Media, India 
Ammonium molybdate, ethylene diamine tetra acetic acid (EDTA), sodium azide. 
Qualigens Fine Chemicals, India 
Acetone, copper sulphate, dipotassium hydrogen orthophosphate, disodium 
hydrogen orthophosphate, ethyl alcohol, glycine, hydrochloric acid, hydrogen peroxide, 
methanol, monosodium dihydrogen phosphate, n-butanol, perchloric acid, potassium 
chloride, pyrogallol, sodium bicarbonate, sodium potassium tartarate, succinic acid, 
sulphuric acid. 
Sisco Research Laboratory (SRL), India 
Acetic acid, acetlythiocholine iodide, alkaline phosphatase, bovine serum albumin 
(BSA), chloroform, cholesterol, diethyl ether, ferrous sulphate, folin's reagent, glutathione, 
p-nitrophenol, sodium carbonate, sodium chloride, sodium dodecyl salicylate, sodium 
hydroxide, thiobarbituric acid (TBA), trichloro acetic acid (TCA), Tris hydroxy amino 
methane (Tris). 
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DIET 
The commercial standard rat pellet diet was obtained from Hindustan Lever Ltd 
(HLL), Mumbai, India. 
Composition of experimental diet. 
Ingredients gm/lOO gm diet 
Carbohydrate 55.5 
Protein (Fat free casein) 25 
Moisture 8 
Fiber 5 
Fat 3 
Salt mixture 2 
Vitamin Mixture 1.5 
Animals received standard diet enriched with vegetable oils mixed thoroughly with the 
powdered chow for the experimental periods. Salt and vitamin mixture was prepeired 
according to AIN 93 (Reeves et al., 1993) by HLL, Mumbai, India. 
MISCELLANEOUS 
All other chemicals used were of the finest quality commercially available and their 
sources are indicated against them. Glass double distilled water was used in all 
experiments. 
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3. METHODS 
3.1 ANIMALS 
Male albino rats {Rattus norvegicus albinictis, Wistar strain) were purchased from 
central experimental animal facility centre, J. N. Medical College, Aligarh Muslim 
University, Aligarh and were used for all biological experimental work. All animals were 
housed in an air-conditioned room in polypropylene cages usually in groups of eight rats in 
each cage. They had free access to pellet and water ad libitum. The animals were kept at 
room temperature at 24°C (±2°C) and were exposed to alternate cycles of 12 hours light 
and darkness. The protocols for the experiments were conducted according to the ethical 
norms approved by Institutional Animal Ethics Committee Guidelines (lAEC) of the 
Aligarh Muslim University. Guidelines laid by the university committee and principles of 
laboratory animal care were also followed. In these studies, mortality or morbidity was 
recorded once a day and the body weight was checked periodically. 
3.2 EXPERIMENTAL DESIGN 
COMPARATIVE STUDY OF LONG TERM FEEDING OF SATURATED AND 
UNSATURATED EDIBLE OILS ON SERUM AND TISSUE PARAMETERS OF 
RATS 
In order to investigate the impact of various edible oils on health of major 
mammalian organs six oils namely coconut, palm, mustard, groundnut, sunflower and 
soybean oil were given to rats. The rats were divided into 13 groups comprising of eight 
animals in each group and were given the specified oil for one time daily for 12 weeks. 
The oils were mixed thoroughly with the powdered rat chow. 
Group 1: animals (Control) were fed a commercial standard diet 
Group 2&3: animals received standard diet enriched with 5% (low dose) and 20% (high 
dose) coconut oil respectively. 
Group 4&5: animals received standard diet enriched with 5% and 20% palm oil 
respectively. 
Group 6&7: animals received standard diet enriched with 5% and 20% groundnut oil 
respectively. 
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Group 8&9: animals received standard diet enriched with 5% and 20% mustard oil 
respectively. 
Group lO&ll: animals received standard diet enriched with 5% and 20% sunflower oil 
respectively. 
Group 12«&13: animals received standard diet enriched with 5% and 20% soybean oil 
respectively. 
Total experimental duration was 12 weeks. The animals were weighed periodically once a 
week and record of their growth was maintained. 
HEATED OILS STUDY 
Coconut, mustard and soybean oil were heated separately in stainless steel 
containers in an oven at 180±2°C continuously for a period of 72 hr with intermittent 
stirring (Narasimhamurthy et al., 1999). After completion of heating, the oils were cooled 
to room temperature, transferred to glass containers, sealed under nitrogen and stored at 
4°C until further use. Design of the experiment is given in results section chapter II. 
DIETARY OILS BLENDED WITH RICE BRAN OIL 
The three commonly consumed oils, namely coconut oil, mustard oil and soybean 
oil were blended with REG in the ratio of 7:3 (3% REG and 7% CO, MO and SO 
separately) and tested for their lipidemic properties. The experimental design is given in 
chapter III. 
HIGH CHOLESTEROL DIET WITH RICE BRAN OIL 
The high cholesterol diet (5% hydrogenated fat, 0.5% cholic acid and i% 
cholesterol mixed thoroughly with the powdered chow) rats treated with RBO to 
investigate the impact of RBO oil of rats. Design of the experiment is in results section 
chapter IV. 
INDUCTION OF HEPATOTOXICITY BY FeS04 
This study dealt with iron induced hepatotoxicity with the effects of rice bran oil 
and groundnut oil. The experimental design is given in chapter IV B. At the end of the 
experimental period of 6 weeks, one hour before sacrifice, one half of the animals in each 
group (eight animals) were injected intraperitonially (i.p) FeS04 (dissolved in saline at 30 
mg/kg body weight dosage) as described in the procedure of Hu et al. (1990) remaining 
37 
Material and Methods 
eight animals in each group received normal saline at appropriate dosage and were treated 
control. 
TREATMENT OF DIABETIC RATS WITH DIFFERENT DIETARY OILS 
Diabetes was induced by intraperitonial injection of a freshly prepared dose of 
streptozotocin (55 mg/kg body weight of rats) in 0.1 M citrate buffer (pH 4.5) (Sekar et al., 
1990). The study was designed to evaluate the effect of coconut oil, mustard oil and 
soybean oil on diabetic rats. Design of the experiment is in results section chapter V. 
PREPARATION OF SERUM SAMPLES 
The rats were fasted over night and sacrificed at the end of the experimental period, 
under light anesthesia (ether inhalation). Serum was prepared according to the routine 
method. Briefly, blood was taken out from the jugular vein in dried test tubes which were 
kept in tilted position for ten min at room temperature and then for an hour at 4°C serum 
was separated from cellular clot. To remove cellular contamination from the serum, it was 
centrifuged for 3 min at 3000 rpm. The samples were then deproteinated with 3% TCA in a 
ratio of 1:3. After incubation for 10 min at room temperature, the samples were centrifiiged 
at 4000 rpm (Remi centrifuge, India) for 10 min. The protein free supernatant was used to 
quantitate urea, creatinine, SCOT and SGPT. Cholesterol was determined directly in the 
serum samples. 
TISSUE PREPARATION 
At the end of the experimental period, the animals were immediately dissected to 
remove their tissues which were washed in ice cold saline (9% NaCl) and extraneous 
material was removed. All subsequent operations were carried out in ice at a temperature 
not above 4°C. Liver and kidney of the killed rats were quickly removed, cleaned free of 
extraneous material and washed with ice-cold saline and were blotted between the folds of 
a filter paper and weighed on a metier balance. The tissues were then homogenized at 4°C 
in 0.1 phosphate buffer pH 7.4, using potter-Elvehjem homogenizer (Ultra turrex T 25, 
Germany) at high speed to make a 10 % (w/v) homogenate. The homogenates were then 
centrifuged at 16,000 rpm at 4°C for 15 min in cooling centrifuge (Sigma Laboratory 
Centrifuges 3K30, USA). The supematants were then used for enzyme analysis. 
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BIOCHEIVDCAL ESTIMATION 
For biochemical estimations, supematants of liver and kidney tissues as well as 
serum samples were used. All biochemical estimations were completed with in three days 
of sacrifice. 
ANALYSIS OF SERUM PARAMETERS 
UREA 
The level of urea was determined using kit from Span Diagnostics Ltd. (India) 
using the method of Marsh et al., (1965). The principle was based on reaction between urea 
and diacetyl monoxime in acidic medium (urea reagent) at 95°-100°C to give pink 
coloured complex, the absorbance of which is measured at 520 nm. The intensity of the 
colour developed is proportional to the concentration of urea present in the sample. 
Procedure 
To 10 n\ of the sample 1 ml of urea colour reagent was added and mixed 
thoroughly. The reaction was carried in a boiling water bath for 10 min and then cooled 
under tap water for 3 minutes. Absorbance at 520 nm against blank gave the levels of urea 
in serum samples. 
CREATININE 
The level of creatinine was measured using kit from Span Diagnostics Ltd. (India) 
based on the method of Tausky and Bonses, (1945). Creatinine in a protein free solution 
reacts with alkaline picrate solution and produces a red coloured complex. The colour of 
the complex is directly proportional to creatinine concentration. 
Procedure 
To 1 ml of deproteinized serum supernatant, 1 ml of 0.75 N NaOH and 3 ml of 
picric acid was added and incubated for exactly 20 min at room temperature (RT). 
Absorbance at 520 nm against blank gave the levels of creatinine in serum samples. 
CHOLESTEROL 
Cholesterol level was determined using the kit from Span Diagnostics Ltd. (India) 
following the method of Wybenga, (1970). The reaction is based on the following 
principle, cholesterol reacts with hot solution of ferric perchlorate in the presence of ethyl 
acetate and sulphuric acid (cholesterol reagent). It gives a lavender coloured complex. 
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Procedure 
The protocol involves addition of 5 ml of cholesterol reagent to 25 jil of serum, 
solution. It was kept at 100°C for 90 seconds. Absorbance was measured at 560 nm. 
HIGH DENSITY LIPOPROTEIN CHOLESTEROL (HDL-C) 
HDL-C was determined by Allian et al., (1974) kit obtained from Span Diagnostics 
Ltd. India. 
Procedure 
To 0.3 ml serum added precipitating reagent (Polyethylene glycol 10 gm/1, glycine 
buffer pH 10.2) was added and mixed well, and kept at RT for 10 min and then centrifuged 
at 4000 rpm for 10 min. 100 ^ 1 of the supernatant was added to 100 ^ 1 of standard solution 
and to this 1 ml cholesterol working reagent was added, it was mixed well and incubated at 
37°C for 10 min at RT. The absorbance was read at 560 nm. 
LOW DENSITY LIPOPROTEIN CHOLESTEROL (LDL-C) 
LDL-C was calculated using the Friedwald's formula (1972). 
LDL-C = TC - (TG/5 + HDL) 
TRIGLYCERIDES (TO) 
The triglyceride concentration was measured using kit from Point Scientific, INC 
USA. 
Procedure 
One ml of working reagent was prepared by mixing enzyme/coenzyme and 
buffered substrate [ATP (Adenosine-5-triphosphate) 1.0 mM, Mg salt 5.0 mM, TBHB (3-
hydroxy-2,4,6-tribromobenzoic acid) 2.0 mM, GPQ (Glycerophosphate oxidase) 2.000 
U/L, lipase 200,000 U/L, GK (Glycerol kinase) 6,000 U/L, peroxidase 500 U/L, sodium 
azide 0.01] to this 0.01 ml of serum was added and mixed, after this the solution was 
incubated at 37°C for 5 min. The absorbance was read at 540 nm against working reagent 
taken as blank. 
PHOSPHOLIPID (PL) 
Total phospholipid concentration was determined in the serum after TCA 
precipitation by the method of Bartlett, (1959). 
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Procedure 
The TCA precipitate was digested with 1 mi of 70% perchloric acid on an electric 
digestion unit. After cooling to RT, 3 ml of glass distilled water was added. The inorganic 
phosphate released was estimated by adding 2 mi of FeS04 reagent by the method of 
Tausky and Shorr, (1953). One ml serum supernatant was diluted to 3 ml with glass 
distilled water and 2 ml of FeS04 reagent (5 gm FeS04 was dissolved in 10 ml of 10% w/v 
ammonium molybdate in 10 N H2SO4). A calibration curve containing known amounts of 
KH2PO4 (0.018-0.28 (imoles) was prepared simultaneously with the test samples. After 
incubation at RT for 20 min, the blue colour obtained was read at 820 nm against a reagent 
blank. 
ASPARTATE TRANSAMINASE (SCOT or AST, EC 2.6 1.1) 
The activity of asparate transaminase was measured using a kit from Span 
Diagnostics Ltd. (India) followed by the method of Reitman and Frankel, (1957). The 
principle was based on the reaction of L-aspartate and a-ketoglutarate in the presence of 
GOT present in the sample to yield oxaloacetate and L-glutamate. 
GOT 
a-ketoglutarate + L-Aspartate,,^  Oxaloacetate + L-Glutamate 
The oxaloacetate thus formed is coupled with 2, 4-dinitrophenyl hydrazine (DNPH) to give 
the corresponding hydrazone, which gives brown colour in alkaline medium and was read 
at 505 nm. 
Procedure 
To 0.25 ml of buffered aspartate-a-ketoglutarate, 0.5 ml of serum was added and 
the reaction was incubated for 60 min at 37°C. Then 0.25 ml of DNPH colour reagent was 
added and the reaction was allowed to proceed at RT for 20 min. The reaction gave a 
coloured complex with addition of 2.5 ml of 0.4 N NaOH. The absorbance was measured 
at 505 nm against distilled water. 
PYRUVATE TRANSAMINASE (SGPT or ALT, EC 2.6.1.2) 
This test was done using the kit from Span Diagnostics Ltd. (India). The reaction 
was based on the method of Reitman and Frankel, (1957). The principle involved the 
following reaction. 
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GPT ^ 
a-ketoglutarate + L-Alanine^ ^ Pyruvate + L-Glutamate 
The pyruvate so formed is coupled with 2,4 dinitrophenyl hydrazine to give a coloured 
hydrazone in alkaline medium which was read at 505 nm. 
Procedure 
The reaction involves the addition of 0.25 ml of buffered alanine-a-ketoglutarate 
substrate to 0.5 ml of serum. After incubation at 37°C for 60 min, 0.25 ml of DNPH colour 
reagent was added and the reaction was allowed to proceed at RT for 20 min. The coloured 
complex was formed when 2.5 ml of 0.4 N NaOH was added, which was 
spectrophotometrically read at 505 nm against distilled water. 
GLUCOSE 
Glucose was determined in the serum by the methods of Trinder, (1969). For the 
estimation of glucose, coupled enzymatic method was employed. The aldehyde group of 
glucose was oxidized by glucose oxidase to give gluconic acid and hydrogen peroxide, 
which was broken to water and oxygen by peroxidase. The oxygen, thus produced reacts 
with 4-aminophenazone in the presence of phenol to form a pink coloured compound, the 
intensity of which is determined at 530 nm. 
Procedure 
Test tubes were taken as unknown (test sample), standard (in duplicate) and blank, 
3 ml of glucose reagent (glucose oxidase, peroxidase, 4-aminophenazone, sodium azide 
and phenol reagent) was added to each test tube, 0.02 ml of serum, 0.02 ml of glucose 
standard (lOOmg/dl) and 0.02 ml of distilled water was added to the tubes respectively. The 
reagents were mixed and tubes were kept at 37°C for 15 min. TTie intensities of the colour 
produced were recorded at 530 nm. 
TOTAL POLYPHENOL CONTENT 
Polyphenol from the test oils was extracted according to the method described by 
Vazquez Roncero et al., (1973). Ten gm oil was dissolved in 50 ml hexane and extracted 
three times with 20 ml portions of 60% methanol successively. The vacuum dried final 
residue obtained from the combined extract was dissolved in a known volume of methanol. 
The total polyphenol content of this solution was estimated using Folin-Ciocalteu's reagent 
(Gutfinger, 1981). 
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IN VITRO LDL OXIDATION STUDIES 
Three ml serum was centrifugation, after ultracentrifiigation floating VLDL and 
chylomicrons were removed and LDL was separated by precipitation from the solution 
(Alder et al., 2000). 40 \i\ of 4 % phosphotungstic acid in IM NaOH was added, stirred and 
10 nl of 2 M MgCb, 6H2O was added and centrifuged at ISOOxg for 30 min at 4°C. The 
supernatant was discarded and the precipitated LDL was redissolved in 0.4 ml of 0.5 M 
Na2C03 kept in ice overnight and dialyzed against three changes of PBS for 12 hr. Isolated 
LDL (200jig protein/ml) was preincubated with 50 ng of polyphenol from the respective 
oils for 30 min. LDL oxidation was initiated by adding 1.7 mM copper sulphate to the 
reaction mixture (Puhl et al., 1994). The thiobarbituric acid reactive substance was 
determined after 6 hr by the procedure described by Wills, (1969). 
DETERMINATION OF CARBONYL CONTENT 
Aliquots from the Cu^"*^  oxidized samples treated with polyphenol from the three 
oils were tested for carbonyl formation. To the samples 0.5 ml of 2,4 dinitro phenyl 
hydrazine (10 mM in 2N HCl) was added and was allowed to react for 60 min at RT with 
vortexing after every 15 min. After the reaction was complete, 20% TCA was added and 
the samples were centrifiiged, the precipitate was washed with ethanol/ethyl acetate (1:1), 
dissolved in 0.6 ml of guanidine HCl (6 M in phosphoate buffer, adjusted to pH 2.3 with 
trifluoroacetic acid) and incubated at 37° C for 15-20 min. Results were expressed as the 
percentage of inhibition in carbonyl formation relative to the control using the absorbance 
at 390 nm (Levine et al., 1990). 
ALKALINE PHOSPHATASE (AlP, E.C. 3.1.3.1) 
The activity of alkaline phosphatase in liver homogenate was determined by the 
method of Kempson et al., (1979). 
Procedure 
The reaction mixture contained 1.4 ml of the assay buffer (55 mM glycine, 36 mM 
NaCI and 45 mM NaOH, pH 10.5) and 100 nl of homogenate (10-28 ng protein). The 
reaction was started by adding 15 ^l of 0.6 M p-nitrophenyl phosphate (final concentration 
6 mM) and incubated at 30°C for the required time period (5-20 min). The reaction was 
stopped by addition of 50 jil of 5 N NaOH. A calibration curve was prepared 
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simultaneously by using known amounts of p-nitrophenol (0.01-0.2 ^o les ) . The yellow 
colour was read at 405 nm against a reagent blank. 
LACTATE DEHYDROGENASE (LDH, E.G. 1.1.1.27) 
The activity of lactate dehydrogenase (LDH) in liver homogenate was measured by 
the method of Romberg (1955). 
Protocol 
The reaction mixture, in a total volume of 3 ml, contained 50 mM Tris-HCl, pH 
7.4, 10 nmoles MgCb, 5 nmoles sodium pyruvate 0.24 ^moles NADH and 4.0-6.0 \ig 
protein. The activity was measured as pyruvate dependent oxidation of NADH to NAD"^  
for 5 min at 340 nm. 
MALIC ENZYME (ME, ECl. 1.1.40) 
Malic enzyme was assayed in liver homogenate by the method of Ochoa et al., 
(1948). 
Protocol 
The reaction mixture, in a total volume of 3 ml, contained 33 mM Tris-HCl, pH 
7.4, 10 fimoles MgCh, 5 ^moles L-malic acid (pH adjusted to 7.4), 0.24 ^moles NAD? 
and 0.6-1.2 mg protein. The activity was measured by monitoring the malic acid dependent 
oxidation of NADP" to NADPH for 5 min at 340 nm. 
GLUCOSE-6-PHOSPHATE DEHYDROGENASE (G6PDH, EC 1.1.1.49) 
Glucose-6-phosphate dehydrogenase (G6PDH) was assayed in liver homogenate by 
the method of Shonk and Boxer (1964). 
Protocol 
The reaction mixture, in a total volume of 3 ml, contained 50mM Tris-HCl, pH 7.4, 
10 fimoles MgCl2, 5 fimoles Glucose-6-phosphate, 0.24 fimoles NADP and 0.6-1.2 mg 
protein. The activity was measured by monitoring the Glucose-6-phosphate dependent 
oxidation of NADP"" to NADPH for 5 min at 340 nm. 
ISOCITRATE DEHYDROGENASE (ICDH, EC 1.1.1.42) 
Isocitrate dehydrogenase (ICDH) enzyme was assayed (liver homogenate) 
according to the procedure of Ochoa (1955). 
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Protocol 
The reaction mixture, in a total volume of 3 ml, contained 50 mM Tris-HCl, pH 
7.4, 110 nmoles MgCh, 10 nmoles MnCb, 10 jxmoles isocitrate, 0.24 nmoles NADP, 1-2 
mg protein. Increase in absorbance at 340 nm was followed for 5 min. 
DETERMmATION OF THE FREE RADICAL SCAVENGING ENZYMES IN 
LIVER HOMOGENATE 
SUPEROXIDE DISMUTASE (SOD, E.G. 1.15.1.1) 
It was assayed by the method of Marklund and Marklund (1974). The procedure 
depends upon autoxidation of pyrogallol. 
Pyrogallol + O2 >• Oxidation products + O2 
2O2 + 2H^ ^ ^ ^ > 02 + H2O2 
Protocol 
To 0.05 ml of supernatant 2.85 ml of 0.05 mM Tris-Succinate buffer, pH 8.2 was 
added, mixed well and incubated at 25°C for 20 min. The reaction was started by adding 
0.1 ml of 8 mM pyrogallol solution. Change in absorbance per minute was immediately 
recorded for the initial 3 minutes at 420 nm. A reference set consisting of 0.05 ml distilled 
water instead of the sample solution, was also run simultaneously. One unit of the enzyme 
activity is defined as the amount of enzyme, which causes 50% inhibition of pyrogallol 
autoxidation under assay conditions. 
GLUTATHIONE-S-TRANSFERASE (GST, EG 2.5.1.18) 
The level of GST was determined by the method of Habig et al. (1974). The 
enzyme activity is measured by following the increase in absorbance at 340 nm due to 
CDNB-GSH [l-chloro-2, 4-dinitro-benzene (CDNB) and glutathione conjugate] generated 
as a result of GST catalysis. 
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CDNB + GSH • CDNB-GSH 
Protocol 
To 0.1 ml of supernatant, 2.7 ml glutathione solution (0.1 M in phosphate buffer, 
pH 6.5) and 0.2 ml CDNB (1.0 mM in acetone) were added and mixed thoroughly. The 
change in absorbance at 340 nm was recorded at RT against a blank containing all the 
reagents except the en2^me. The values were calculated on the basis of molar extinction 
coefficient of CDNB (9.6 mM'' cm"'). The specific activity of the enzyme was expressed 
in nmoles of GSH-CDNB conjugate formed per minute per mg protein. 
CATALASE (CAT, E.C. 1.11.1.6) 
The enzyme was assayed according to the method of Aebi (1984) in liver 
homogenate. The enzyme catalyzes the following reaction. 
2H2O2 ^^^^'^'^ > 2H2O + O2 
In the UV range H2O2 shows a continual increase in absorption with decreasing 
wavelength with a maximum at 240 nm. The decomposition of hydrogen peroxide was 
followed by the decrease in absorbance at 240 nm. 
Procedure 
The assay mixture of 1 ml contained the following in final concentrations given in 
parenthesis: 500 |al of 0.1 M sodium phosphate buffer pH 7.0 (50 mM). 100 |il of hydrogen 
peroxide (10 mM) and 20 jil (7-10 |ig protein) of the homogenate treated with Triton X-
100. The decrease in absorbance was then followed at 240 nm for 5 min at 25°C against a 
blank containing all the ingredients without the enzyme sample. Catalase activity is 
expressed as nmoles decomposed /mg protein using a molar extinction coefficient of 81 M" 
cm . 
GLUTATHIONE PEROXIDASE (GPx, EC 1.11.1.9) 
Glutathione peroxidase catalyzes the reaction of hydroperoxides with glutathione as 
reductant. 
ROOH + 2GSH • ROH + GSSH + H2O 
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Glutathione peroxidase is measured by the spectophotometric method of Tappel, (1978) in 
which the reduction of GSSH is coupled to the oxidation of NADPH through glutathione 
reductase. 
GSSH + NADPH +H* • 2GSH + NADP* 
Procedure 
The assay mixture contained the following components, 0.25 mM GSH, 0.12 mM 
NADPH and 1 unit of glutathione reductase per ml prepared in 50 mM Tris buffer 
containing 0.1 mM EDTA. Hundred pi of diluted liver homogenate (40 jag protein) was 
incubated with 1.6 ml of assay mixture for 5 min at 37°C. The reaction was started by the 
addition of 75 jal of hydrogen peroxide and the decrease in absorbance was monitored for 5 
min at 25°C. One enzyme unit is defined as the amount of enzyme that transforms l^mole 
of NADPH to NADP"^  in 1 min at 37°C. The specific activity is expressed in fxmoles of 
NADPH oxidized/mg protein. 
LIPID PEROXIDATION (LPO) 
Lipid peroxidation in liver homogenates was determined spectrophotometrically by 
the method of Ohkawa et al., (1979). The method is based on the principle, where one 
molecule of malondialdehyde (MDA) reacts stoichiometrically with two molecules of 2-
thiobarbituric acid (TBA) at pH 3.5 according to the following reaction. 
2 I J + ^"2 
2 N . ^ 
OH 
TBA Product 
Procedure 
The final volume of the reaction mixture was 4 ml, which consisted of 1.5 ml acetic 
acid (20%), 0.2 ml SDS (8.1%), 1.5 ml TBA (0.8%), 0.7 ml distilled water and 0.1 ml of 
liver homogenate (10%, w/v). It was incubated at 95°C for 60 min, then cooled and 
centrifuged at 4000 rpm for 10 min. The optical density of MDA formed was read in the 
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spectrophotometer at 532 nm against the blank, treated similarly containing 0.1 ml of 
distilled water instead of the sample. The values were calculated on the basis of molar 
extinction coefficient of MDA (156 mM"' cm'') and the results were expressed in nmoles 
of MDA formed per mg protein. 
PROTEIN ESTIMATION 
Protein concentration was determined by the method of Lx)wry et al., (1951) 
Procedure 
A suitable aliquot of the protein sample was diluted to 1 ml with distilled water. To 
this 5 ml of freshly prepared alkaline copper reagent was added [the alkaline copper 
reagent was prepared by mixing 0.5% copper sulphate, 1% (w/v) sodium potassium 
tartarate, 2 % (w/v) sodium carbonate in 0.1 N NaOH in the ratio of 1:1:100] after 
incubation for 10 min at RT, 0.5 ml of 1 N Folin's reagent was added. The contents were 
rapidly mixed and colour intensity was read after 30 minutes against blank at 660 nm. The 
concentration of protein in the samples was determined using standard curve with bovine 
serum albumin. All absorbance was read in Campsec UV-Visible spectrophotometer 
(Camspec M330B, London, UK) or Cintra-5e-spectrophotometer with 3.0 ml quartz 
cuvette or 1.0 ml quartz cuvette with light path of 1.0 cm. 
STATISTICAL ANALYSIS 
All the grouped data were statistically evaluated with SPSS/ 7.5software. Statistical 
analysis of the data was performed using one way analysis of variance (ANOVA) to 
compare the means between the control and different treatments, data was considered 
significant when p<0.05. All the data are expressed as means ± SEM for eight animals. 
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Chapter 1 
4.1 GENERAL 
Vegetable oils are the major dietary source of fat. Most important vegetable oils 
generally used for cooking purposes are coconut, mustard, soybean, groundnut oil, 
sunflower and palm oil. Different types of oils are consumed in different regions of the 
country depending upon their availability in sufficiently large amounts. It has been shown 
that fats rich in saturated fatty acid (SFA) in human diets tend to increase serum 
cholesterol levels as compared to fats rich in polyunsaturated fatty acids (PUFA) (Kris-
Etherton et al., 1988). However, conflicting report exists on the cholesterol lowering 
effects of PUFA in animals. An increase in cholesterol level is reported by Meijer et al, 
(1987), whereas a decrease in the levels is reported by Kritchevsky et al., (1983) and 
Zhang et al., (1990) and no effect by Alfin Slater (1967) and O'Brien et al., (1977). 
In view of the above, the present study was undertaken to evaluate the effect of six 
different edible oils viz. coconut, palm, groundnut, mustard, sunflower and soybean oil 
which vary in chain length, degree of saturation, unsaturation and natural antioxidant. The 
objective of this study was to compare the effect of the above mentioned oils on the 
functioning of mammalian kidney and liver to find out which of these oils in relative 
proportion are suitable for health. 
This chapter has been divided into three sections. Section A shows the comparison 
of results of two saturated oils namely coconut and palm oil on major mammalian organs 
of rats. Whereas Section B shows the effect of four unsaturated oils that is soybean, 
mustard, groundnut and sunflower oils on the liver and kidney of rats. Section C deals 
with the comparison of the effect of coconut oil with soybean oil. 
4.2 EXPERIMENTAL DESIGN 
The rats were divided into 13 groups comprising of eight animals in each group. 
Group 2,4,6,8 and 12 received different oils mixed with the diet at 5% level, group 3,5,7,9 
and 13 received various oils mixed with the diet at 20% level and the results were 
compared with control rats (group 1). The detailed experimental plan is given in method's 
section. After 12 weeks rats were sacrificed, blood and tissues (kidney and liver) were 
collected, weighed and then various tissue and serum parameters were estimated. 
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SECTION-A: Comparative study of long term feeding of two saturated 
fatty acids: coconut and palm oils. 
4 J RESULTS 
The following results were obtained in the study to evaluate the effect of coconut 
and palm oil on rats at 5% and 20% level. 
4.3.1 BODY AND ORGAN WEIGHTS 
Animals consumed same amount of diet and received 5% and 20% oils in the diet. 
The difference in the final body weight of different treatment groups of animals is given in 
Table 1. The data shows that the body and organ weight gains (liver and kidney) of the rats 
were changed by the saturated fat. For both the concentrations of the oils the final body 
weights were affected by either of the oil as compared to control. However rats fed with 
coconut oil diets had higher final body weights and organ weight gains than that of palm 
oil. 
4.3.2 EFFECT ON SERUM LIPID PROFILE 
Dietary saturated fatty acids affected the serum lipid profile of the rats. The data of 
serum lipids are shown in Table 2 and 3. Both palm oil and coconut oil fed rats showed 
higher values of serum lipids than that of the control group. The values for both 5% and 
20% oil groups showed significantly higher levels of serum TC, LDL-C, TG and C/P ratio 
compared to respective control values. HDL-C was lowest in the coconut (5%= +15.6%, 
20%= +30.1%) group followed by palm oil (5%= +22.4%, 20%= +33.8%). Serum PL 
values in coconut oil groups showed a significant increase in both 5% and 20% levels 
(5%= +38.4%, 20%= +45%). Palm oil data (5%= +32.5%, 20%= +40.9%) was not 
significantly different compared to controls. The C/P ratio at 20% oil diet showed a value 
of 0.77 for palm oil and 0.82 for coconut oil as compared to control groups having a value 
of 0.66. Thus administration of palm oil to rats reduced the serum lipid profiles as 
compared to coconut oil (Tables 2-5). 
4.3.3 EFFECT ON LIVER AND KIDNEY LIPIDS 
The coconut oil at 5% and 20% showed significantly higher levels of liver and 
kidney TC, TG and PL (Table 4 and 5) as compared to control. The similar results were 
50 
Chapter 1 
obtained with palm oil but the increase in TQ, TG and PL was much less. However when 
palm oil is compared with coconut oil the results showed that the rats with palm oil 
reduced the liver and kidney lipid profiles better than coconut oil. In all the groups the 
increase was more pronounced in 20% oil diet compared to 5% oil intake. 
4 J.4 EFFECT ON OTHER SERUM PARAMETERS 
Rats treated with saturated fatty acids (coconut oil) led to an increase in the level of 
urea (+86.1%, +94.4%) and creatinine (+86.6%, +117.1%) levels compared to control 
(Table 6). The values were significantly elevated in both 5% and 20% levels of coconut 
groups. However, rats fed with the palm oil diets also gave an increase in urea (+76.3%, 
+84.7%) and creatinine (+75.2%, +93.3%) to a significant level. SGPT and SCOT levels 
which act as indicators of liver function were also increased in coconut group (SGPT 
+110.9%, +135%; SCOT +51.4%, +65%) as well as in palm oil diet (SGPT +98.6%, 
+124.1%; SGOT +43.9%, 56.7%) compared to control. A comparison of the coconut and 
palm oil 20% diet groups showed no significant difference in the increased levels of SGOT 
and SGPT (Table 7). 
4.3.5 ANTIOXIDANT STATUS AND LIPID PEROXIDATION OF THE LIVER 
TISSUE 
Table 8 and 9 summarizes the activities of hepatic antioxidant enzymes. Saturated 
oils affected the hepatic antioxidant enzymes in the experimental animals. Coconut oil and 
palm oil diets at the two levels 5% and 20% showed a decrease in the activity of SOD and 
an increase in the CAT, GST and GPx activities compared to control. The dietary saturated 
fats after 12 weeks of feeding altered the lipid peroxidation of liver. In both coconut and 
palm oil groups an increased lipid peroxidation was observed compared to the control 
group (Table 9). The results all over indicate that palm oil is more effective in reducing the 
serum, liver and kidney lipids. It increases the level of antioxidant enzymes and plays a 
role in preventing lipid peroxidation. 
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Table 1: Weight gain after feeding fresh oil diets coconut and palm oils for 12 
weeks on the body, liver and kidney weights in rats. 
Groups Weight gain Overweight Kidney weight 
(gm) (^n) (gm) 
Control 130.4±3.9 6.37±0.58 1.80±0.35 
5% oil diet 
Coconut oil 171.3±6.3t 9.10±0.87 2.13±0.64 
Palm oil 165.0±3.5 8.20±1.00 2.07±0.28 
20% oil diet 
Coconut oil 182.8±4.8t 9.40±l.lt 2.25±0.65 
Palm oil 171.0±4.4 8.75±0.72 2.16±0.50 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. 
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Table 2: Effect of feeding coconut and palm oils on the levels of serum total 
cholesterol, HDL-C and LDL-C. 
Groups 
Control 
5% oil diet 
Coconut oil 
Palm oil 
20 % oil diet 
Coconut oil 
Palm oil 
Total cholesterol 
(mg/lOOml) 
80.5±4.6 
129.1±7.4t 
(+60.3%) 
123.2±8.1t 
(+53%) 
144.3±6.3t 
(+79.2%) 
130.7±5.7t 
(+62.3%) 
HDL-C 
(mg/lOOmI) 
35.2±3.2 
40.7+4.0 
(+15.6%) 
43.1+3.4 
(+22.4%) 
45.8±3.7t 
(+30.1%) 
47.1+4. It 
(+33.8%) 
LDL-C 
(mg/lOOmI) 
25.2+1.8 
52.7±2.7t 
(+109.1%) 
46.8±2.5t 
(+85.7%) 
59.3+4.01 
(+135.3%) 
47.3±3.3t 
(+87.6%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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Table 3: Effect of feeding coconut and palm oils on the levels of serum 
triglyceride, phospholipid and C/P ratio. 
Groups 
Control 
5% oil diet 
Coconut oil 
Palm oil 
20% oil diet 
Coconut oil 
Palm oil 
Triglyceride 
(mg/lOOml) 
94.3±3.0 
178.4±7.7t 
(+89.1%) 
166.1±8.1t 
(+76.1%) 
196.0±6.0t 
(+107.8%) 
181.3±4.8t 
(+92.2%) 
Phospholipid 
(mg/lOOmI) 
120.5±4.2 
166.8±5.6t 
(+38.4%) 
159.7±6.0 
(+32.5%) 
174.8±5.2t 
(+45%) 
169.8+4.6 
(+40.9%) 
C/P Ratio 
0.66 
0.77 
0.77 
0.82 
0.77 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent f)ercent 
change from the respective control. 
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Table 4: Effect of feeding coconut and palm oils on the levels of liver total 
cholesterol, triglyceride and phospholipid. 
Groups 
Control 
5% oil diet 
Coconut oil 
Palm oil 
20% oil diet 
Coconut oil 
Palm oil 
Total cholesterol 
(mg/gm tissue) 
3.17±0.32 
4.95±0.31t 
(+56.1%) 
4.73±0.47t 
(+49.2%) 
5.04±0.43t 
(+58.9%) 
4.82±0.40t 
(+52.0%) 
Triglyceride 
(mg/gm tissue) 
1.54±0.21 
2.50±0.20t 
(+62.3%) 
2.37±0.33t 
(+53.8%) 
2.80±0.32t 
(+81.8%) 
2.55±0.35t 
(+65.5%) 
Phospholipid 
(mg/gm tissue) 
16.44+1.40 
20.46+1.80t 
(+24.4%) 
20.28+1.45t 
(+23.3%) 
24.23+1.25t 
(+47.3%) 
21.23+1.71 
(+29.1%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tP<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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Table 5: Effect of feeding coconut and palm oils on the levels of kidney total 
cholesterol, triglyceride and phospholipid. 
Groups 
Control 
5% oil diet 
Coconut oil 
Palm oil 
20% oil diet 
Coconut oil 
Palm oil 
Total cholesterol 
(mg/gm tissue) 
3.43±0.40 
5.35±0.41t 
(+55.9%) 
5.07±0.44t 
(+47.8%) 
5.57±0.35t 
(+62.3%) 
5.34±0.47t 
(+52.7%) 
Triglyceride 
(mg/gm tissue) 
1.79+0.15 
2.70±0.29t 
(+50.8%) 
2.55±0.32t 
(+42.4%) 
3.04+0.221 
(69.8%) 
2.85±0.28t 
(+59.2%) 
Phospholipid 
(mg/gm tissue) 
18.76+1.76 
21.64±1.63t 
(+15.5%) 
20.97+1.48t 
(+11.7%) 
28.41±1.81t 
(+51.4%) 
24.21+1.55 
(+29%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tP<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
56 
Chapter 1 
Table 6: Effect of feeding coconut and palm oils on the levels of serum urea 
and creatinine. 
Groups Urea 
(mg/lOOml) 
Creatinine 
(mg/100 ml) 
Control 7.2±0.70 1.05±0.055 
5% oil diet 
Coconut oil 13.4±1.10t (+86.1%) 
1.96±0.073t 
(+86.6%) 
Palm oil 12.7+1.27t 
(+76.3%) 
1.84±0.078t 
(+75.2%) 
20% oil diet 
Coconut oil 
Palm oil 
14.0±1.53t 
(+94.4%) 
13.3±1.08t 
(+84.7%) 
2.28±0.088t 
(+117.1%) 
2.03+0.0621 
(+93.3%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0-05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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Table 7: Effect of feeding coconut and palm oils on SGPT and SGOT activities. 
Groups SGPT 
(Unit/liter) 
SGOT 
(Unit/liter) 
Control 22.8±1.60 43.5±1.96 
5% oil diet 
Coconut oil 
Palm oil 
20% oil diet 
Coconut oil 
48.1±2.37t 
(+110.9%) 
45.3±2.40t 
(+98.6%) 
53.6±1.47t 
(+135%) 
65.9±2.88t 
(+51.4%) 
62.6±2.55t 
(43.9%) 
71.8±1.91t 
(+65%) 
Palm oil 51.1±1.70t 
(+124.1%) 
68.2±1.66t 
(+56.7%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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Table 8: Effect of feeding oil diets (coconut and palm oils) on levels of liver 
antioxidant enzymes (Catalase and Superoxide dismutase). 
Groups 
Control 
5% oil diet 
Coconut oil 
Palm oil 
20% oil diet 
Coconut oil 
Palm oil 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
Catalase 
(Unit/mg protein) 
33.6±1.85 
46.9±3.2t 
(39.5%) 
50.1±2.66t 
(+49.1%) 
49.0±4.28t 
(+45.8%) 
55.3±3.15t 
(+64.5%) 
Superoxide dismutase (Unit/mg 
protein) 
48.1±2.18 
47.6+2.00 
(-1.03%) 
46.1±2.53t 
(-4.15%) 
44.4+2.15 
(-7.69%) 
42.9±3.05t 
(-10.8%) 
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Table 9: Effect of feeding oil diets (coconut and palm oils) on levels of liver 
antioxidant enzymes (Glutathione peroxidase and Glutathione-S-
transferase) and Lipid peroxidation. 
Groups 
Control 
5% oil diet 
Coconut oil 
Palm oil 
20% oil diet 
Coconut oil 
Palm oil 
Glutathione 
peroxidase 
(Unit/mg protein) 
I02.3±2.8 
111.9±3.05t 
(+9.38%) 
117.2±2.27t 
(+14.5%) 
112.4±4.10 
(+9.87%) 
115.3±2.80 
(+12.7%) 
Glutathione-S-
transferase 
(Unit/mg protein) 
37.2±l.53 
49.6±1.86 
(+33.3%) 
54.3±2.14t 
(+45.9%) 
50.4+1.78t 
(+35.4%) 
53.6+1.23t 
(+44.0%) 
Lipid 
peroxidation 
(nmoles MDA /mg 
tissues) 
0.65+0.053 
0.81±0.024t 
(+24.6%) 
0.84±0.060t 
(+29.2%) 
0.93±0.034t 
(+43.0%) 
0.90+0.072 
(+38.4%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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4.4 DISCUSSION 
Dietary fat containing saturated fatty acids raise serum cholesterol and LDL-C, which 
of course contribute to atherosclerosis and coronary heart disease (Ashwell, 1997). Previous 
studies have revealed that replacement of dietary saturated fatty acids by unsaturated fatty 
acids is a very effective way of lowering serum cholesterol. Dietary fats also affect the lipid 
composition of membranes leading to changes in their fluidity and activities of membrane 
bound enzymes (Spady and Wollet, 1993). In general the estimated daily intake of tropical 
oils by human beings is slightly more than one fourth of a tablespoon (3.8 gm), 75% of which 
consists of saturated fatty acids. The present study (Section A) deals with the effect of 
saturated dietary fats coconut and palm oil (at 5% and 20% levels) on serum cholesterol, liver 
and kidney lipid composition as well as on hepatic antioxidant enzymes in rats. 
The animals consumed almost same amount of diet in both oil groups. The study 
showed a significant change in the body and organ weights (liver and kidney) as compared to 
control group. The result is in accordance with Abaelu et al., (1991) who has shown an 
increase in body weight after palm oil feeding. Other studies have also shown that diets 
containing moderate amount of red palm oil leads to gain in body weight and have no adverse 
effects on tissue morphology (Osim et al., 1994). 
Saturated fatty acids have been identified as the dietary cause of atherosclerosis (Gurr 
and Harwood, 1991). Serum and tissue lipid profile of animals fed with coconut and palm oils 
is shown in Tables 2-5. In the coconut group the increase in cholesterol values (at 5% and 
20% level) is significant. The reason for the elevated level of cholesterol in the coconut oil 
group is due to the presence of high percent of SFA in coconut oil (August! et al., 2005). 
Serum LDL-C concentration is shown to be increased by diets highing SFA (Femandz et al., 
1992). In the present study LDL-C, for coconut oil is very high as compared with palm and 
control groups (Table 2). The serum TG is significantly reduced in the palm groups when 
compared to coconut groups. The results are similar to the studies reported by Edem, (2002). 
The C/P ratio at 5% level of both coconut and palm oil are same (0.77), but for 20% coconut 
oil enriched diet the value increased to 0.82 as compared to 0.77 for palm oil, due to striking 
difterence in fatty acid composition of coconut oil. The C/P ratio is an important factor since, 
it is known to modulate membrane fluidity (Kom, 1966). Reduction of cholesterol in palm oil 
group may also be due to the presence of tocopherol. Naturally occurring oils that contain a 
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high proportion of tocopherols are beneficial in lowering serum cholesterol, while a high 
proportion of saturated fatty acids as in coconut oil raise its level (Nordoy, 1999). TG and 
LDL-C values showed a significant increase in coconut oil fed groups while their levels were 
only slightly increased in palm group when compared with control. It has been reported that 
high levels of palm oil (about 30% of the diet) may be a risk factor for cardiovascular diseases 
by significantly reducing HDL-C and elevating LDL-C concentrations (Edem, 2002). 
The liver and kidney cholesterol values of the coconut oil groups are high as compared 
to control groups. However among the two oils the tissue cholesterol values in coconut group 
is higher than palm group (Table 4 and 5). The increased level of TG has been observed 
particularly in the coconut groups which signifies lower availability of PUFA particularly 
linoleate compared to control groups. Several factors are known to influence the TG value 
such as the type of carbohydrates (Meijer and Beynen, 1988) and the type of PUFA (Horrobin 
and Manku, 1983). Our results showed an increased level of phospholipid in the serum, liver 
and kidney of the rats receiving coconut oil as compared to control groups. Palm oil groups 
also showed an increase in phospholipid levels. Chronic feeding of red palm oil had shown 
no rise in the tissue phospholipid in various organs (Osim et al., 1994), saturated fat intake is 
a risk factor for insulin resistance, which is important in the pathogenesis of cardiovascular 
diseases and hypertension (Beegom and Singh, 1997, Zulet et al., 1999). 
The derangements of enzyme activities of SGOT and SGPT were mostly caused by 
high fat diet. In this study, the activities of SGOT and SGPT in the serum of rats are found to 
be significantly affected by coconut and palm oils meaning that coconut and palm oil affect 
the liver function. Since in the clinical serum examination SGOT and SGPT activities serve as 
biomarkers for liver function (Ronald and Koretz, 1992). Our results are in agreement with 
that reported by Augusti et al., (2005). The elevation of serum levels of urea and creatinine 
are considered to be significant markers of renal damage. The results in Table 7 showed 
significant increase in these two parameters in the coconut oil groups compared to control 
group. The palm oil group however showed only a slight increase in urea and creatinine levels 
compared to control. 
The activity of CAT, GPx and GST were increased in the palm oil treated rats as 
compared to control group. Increase in CAT activity may probably be due to increased 
formation of H2O2. The results are in agreement with the findings of Narasimhamurthy and 
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Raina (1999). CAT and GPx have been credited with the ability to detoxify peroxides and 
hydroperoxides and to prevent lipid peroxidation (Young and Woodside, 2001). Mahfouz and 
Kummerow (2000) have reported significant increase in the activity of GPx and CAT in the 
liver of cholesterol fed rats. Their role could be in preventing formation of lipid peroxidation 
products. Decreased activity of SOD could be partially explained by the lack of response of 
SOD to oxidative stress as has been reported earlier (Benedetti et al., 1987). Yamazaki et al., 
(1987) have reported an increased activity of CAT and GSH in safflower oil fed animals. The 
GST is a group of enzymes capable of effectively removing large number of hydrophobic, 
hydrophilic and electrophilic xenobiotics (Jacoby, 1978). Increased levels of this enzyme in 
erythrocytes and decreased levels in liver have been reported following feeding oxidized 
soybean oil (Hayam et al., 1995). This may probably be one of the reasons for the reported 
decrease of GST activity in our study. The antioxidant mechanism fails either due to 
excessive production of free radicals or decreased activities of scavenging enzymes, or both 
causing lipid peroxidation (Ruiz-Gutierrez et al., 2001). Since lipid peroxidation is a self-
propagating chain reaction the initial oxidation of only a few lipid molecules can result in 
significant tissue damage and various related diseases. In the present study, lipid peroxidation 
as well as antioxidant defence system decreased when more SFA (coconut oil) was taken 
however the palm oil treated group in contrast showed less increase in the level of LPO. The 
possible deleterious effect in cellular function can be ruled out because of the high levels of 
antioxidant enzymes in the experimental animals. 
The tocopherols present in palm oil are natural biological antioxidants and can 
therefore augment the antioxidant potential. Cellular antioxidant defence systems such as 
SOD, CAT and GPx and food derived antioxidant like a-tocopherol and p-carotene are 
considered to play a significant role in quenching the reactive oxygen species (ROS) thereby 
displaying a modulatory role in many of the diseased conditions (Halliwell and Gutterridge, 
1992). Palm oil containing high levels of a-tocopherol compared to coconut oil may be one of 
the reasons for decrease in lipid peroxidation. Thus a comparative study of coconut and palm 
oil feeding showed that palm oil is better for consumption as compared to coconut oil as it 
produces less harmful effects and maintains high level of antioxidant enzymes. 
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SECTION-B: Comparative study of long term feeding of four 
unsaturated fatty acids groundnut, mustard, sunflower and soybean oils on 
serum, tissue lipid profiles and hepatic antioxidants. 
4.5 RESULTS 
The following results were obtained in the study to evaluate the effect of groundnut, 
mustard, sunflower and soybean oils on rats at 5% and 20% levels. 
4.5.1 BODY AND ORGAN WEIGHTS 
The difference in the final body weights of different treatment groups of animals is 
given in Table 10. The final body weight gain of the four oil group's (5% and 20%) showed 
an increase in weight as compared to control group. However the weight gain in soybean oil 
diets was less as compared to rats fed with other oil diets, 
4.5.2 EFFECT ON SERUM LIPID PROFILE 
The determination of the serum lipids is shown in Tables 11 and 12. Soybean, 
sunflower, groundnut and mustard oils at the two levels (5% and 20%) showed slightly 
increased serum lipid profile than the control group. However the soybean oil groups lead to 
lesser increase in serum TC, LDL-C and TG. HDL-C was highest in the soybean (5%= 
+26.1%, 20%= +42.6%) group followed by sunflower oil, groundnut and mustard oil groups. 
Serum PL levels were also increased in mustard oil and groundnut oil groups whereas in 
soybean and sunflower oil the increase was not significant from controls (Table 12). The C/P 
ratio of soybean oil at (at 5%= 0.58 and 20%= 0.62) when compared to their respective 
control values was also not much different. The C/P ratio was lowest in soybean and 
sunflower oil diets (5% and 20%) as compared to mustard and groundnut oils. This 
hypocholesterolemic effect of soybean and sunflower oils that is reduced serum lipid profiles, 
particularly LDL-C levels and increased HDL-C in serum as compared to other oils is evident 
(Table 11 and 12). 
4.5.3 EFFECT ON LIVER AND KIDNEY LIPIDS 
The soybean and sunflower oil (at 5% and 20% levels) groups showed slightly 
increased value of liver and kidney TC, TG and PL levels (Table 13 and 14) whereas mustard 
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and groundnut oils showed significantly higher levels of these parameters in these tissues as 
compared to control. Tissue phospholipid values were also high in mustard and groundnut oil 
groups (Table 13 and 14). Results indicate that soybean and sunflower oil at both the levels 
showed lesser values of tissue lipid compared to other groups. 
4.5.4 EFFECT ON OTHER SERUM PARAMETERS 
The determination of the levels of various serum metabolites indicated the damage 
caused by dietary oils to various organs. The increased levels of urea and creatinine indicate 
the kidney damage. Mustard and groundnut oil treated rats exhibited an increase in level of 
urea and creatinine. However urea (+58.3%, +81.9%) and creatinine (+48.5%, +63.8%) levels 
were significantly elevated in 5% and 20% levels of mustard groups (p<0.05. Table 15). 
SGOT and SGPT levels act as indicators of hepatic function. The values of these parameters 
were also much higher in groundnut and mustard groups (Groundnut oil= SGOT +28.7%, 
+42% SGPT +87.7%, 125%; Mustard oil= SGOT +19.7%, +39%, SGPT +81.5%, 111.4%, 
p<0.05) compared to control however a decreased level was in soybean and sunflower oils. 
4.5.5 ANTIOXIDANT STATUS AND LIPID PEROXIDATION OF THE LIVER 
TISSUE 
The activities of various antioxidant enzymes of liver of different animals groups 
were determined. Table 17 and 18 summarizes the activities of hepatic antioxidant enzymes. 
Soybean, sunflower, mustard and groundnut oils (5% and 20% levels) showed a decrease in 
the activity of SOD and an increase in the level of CAT, GST and GPx compared to control. 
In soybean and sunflower oil group the level of LPO is significantly enhanced with the use of 
PUFA showing an increase in its level compared to the control group (Table 18). Mustard and 
groundnut oil groups also showed an increase in the lipid peroxidation. The results indicate 
that soybean oil is not only effective in reducing the serum, liver and kidney lipids, but it also 
increases the level of antioxidant enzymes and helps in preventing lipid peroxidation. 
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Table 10: Weight gain after 12 weeks of feeding fresh oil diets, mustard, 
groundnut, sunflower and soybean oils on the body, kidney and liver 
weights in rats. 
Groups 
Control 
5% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
20% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
Weight gain 
(gm) 
130.4±3.9 
160.2±7.4t 
158.8±4.8 
154.1±6.3 
152.1±5.1 
165.0±6.7t 
163.5±5.2t 
161.4±5.2 
156.0±4.4 
Liver weight (gm) 
6.37±0.58 
7.85±0.49 
7.59±0.53 
7.30±0.60 
7.00±0.76 
8.15±0.61 
8.22±0.40t 
7.66±0.65 
7.30±0.72 
Kidney weight 
(gm) 
1.80±0.35 
1.85±0.60 
2.00±0.47 
1.74±015 
1.68±0.42 
1.90±0.36 
2.20±0.54 
1.80±0.59 
1.72±0.60 
Results are mean ± SEM of eight different animals. Statistical analysis was done by ANOVA, 
tp<0.05 as compared to control rats. 
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Table 11: Effect of feeding mustard, groundnut, sunflower and soybean oils on 
the levels of serum total cholesterol, HDL-C and LDL-C. 
Groups 
Control 
5% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
20% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
Total cholesterol 
(mg/lOOml) 
80.5±4.6 
107.4±4.3t 
(+33.9%) 
99.4±3.8t 
(+23.4%) 
92.4+5.1 
(+14.7%) 
88.3+4.7 
(+9.6%) 
118.5±5.1t 
(+47.2%) 
106.9±5.8t 
(+32.7%) 
101.4+3.7 
(+25.9%) 
91.3+4.3 
(+13.4%) 
HDL-C 
(mg/lOOmI) 
35.2+3.2 
42.5±3.5t 
(+20.7%) 
43.3±4.6t 
(+23%) 
39.6+4.2 
(+12.5%) 
41.4±3.6t 
(+26.1%) 
47.8+2.51 
(+35.7%) 
46.3±3.2t 
(+31.5%) 
45.6+4.3 
(+29.5%) 
50.2+5.41 
(+42.6%) 
LDL-C 
(mg/lOOmI) 
25.2+1.8 
32.8+1.4t 
(+30.1%) 
30.4+1.7t 
(+20.6%) 
26.5+2.0 
(+5.15%) 
23.2+2.5 
(+3.96%) 
40.0+2.0t 
(+58.7%) 
32.6+2.8t 
(+29.3%) 
29.7+2.3 
(+17.8%) 
27.9+3.1 
(+10.7%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by ANOVA, 
tp<0.05 as compared to control rats. Values in parenthesis represent percent change from the 
respective control. 
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Table 12: Effect of feeding mustard, groundnut, sunflower and soybean oils on 
the levels of serum triglyceride, phospholipid and C/P ratio. 
Groups Triglyceride 
(mg/lOOml) 
Phospholipid 
(mg/lOOmI) 
C/P Ratio 
Control 
5% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
20% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
94.3±3.0 
140.4±5.5t 
(+48.8%) 
128.6±6.2t 
(+36.3%) 
121.5±6.4t 
(+28.8%) 
118.5±7.3t 
(+25.6%) 
153.5±4.9t 
(+62.7%) 
139.6±5.3t 
(+48%) 
130.4+5.8 
(+38.2%) 
125.9+4.0 
(+33.5%) 
120.5+4.2 
152.6+5. I t 
(+26.6%) 
148.7±6.0t 
(+23.4%) 
142.3+4.4 
(+18%) 
151.3±3.8t 
(+25.5%) 
160.5±7.2t 
(+33.1%) 
164.3±4.5t 
(+36.3%) 
158.2+5.7 
(+31.2%) 
156.4+6.4 
(+29.7%) 
0.66 
0.70 
0.67 
0.63 
0.58 
0.74 
0.65 
0.64 
0.62 
Results are mean + SEM of eight different animals. Statistical analysis was done by ANOVA, 
tp<0.05 as compared to control rats. Values in parenthesis represent percent change from the 
respective control. 
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Table 13: Effect of feeding mustard, groundnut, sunflower and soybean oils on 
the levels of liver total cholesterol, triglyceride and phospholipid. 
Groups 
Control 
5% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
20% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
Total cholesterol 
(mg/gm tissue) 
3.17±0.32 
4.46±0.38t 
(+40.6%) 
4.02±0.40t 
(+26.8%) 
3.87±0.53t 
(+22%) 
3.54+0.46 
(+11.6%) 
4.56±0.26t 
(+43.8%) 
4.67±0.33t 
(+47.3%) 
3.95+0.55 
(+24.6%) 
3.86+0.41 
(+5.46%) 
Triglyceride 
(mg/gm tissue) 
1.54+0.21 
2.27+0.15t 
(+47.4%) 
2.36±0.24t 
(+53.2%) 
2.07+0.32 
(+34.4%) 
1.90+0.33 
(+23.3%) 
2.18+0.22 
(+41.5%) 
2.24+0.34t 
(+47.4%) 
2.06+0.29 
(+33.7%) 
2.02+0.37 
(+6.25%) 
Phospholipid 
(mg/gm tissue) 
16.44+1.40 
21.41±1.08t 
(+37.3%) 
20.03+1.36 
(+21.8%) 
18.36+1.42 
(+11.6%) 
18.57+1.65t 
(+12.9%) 
19.64+1.38 
(+19.46%) 
19.31+1.56t 
(+17.45%) 
18.79+1.45 
(+14.11%) 
18.21+1.60 
(+10.76%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by ANOVA, 
tp<0.05 as compared to control rats. Values in parenthesis represent percent change from the 
respective control. 
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Table 14: Effect of feeding mustard, groundnut, sunflower and soybean oils on 
the levels of kidney total cholesterol, triglyceride and phospholipid. 
Groups 
Control 
5% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
20% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
Total cholesterol 
(mg/gm tissue) 
3.43±0.40 
4.71±0.35t 
(+37.3%) 
4.36±0.28t 
(+37.1%) 
3.89±0.65 
(+13.4%) 
3.75±0.61 
(+9.32%) 
4.73±0.47t 
(+37.9%) 
4.54±0.53t 
(+32.3%) 
4.25+0.38 
(+23.9%) 
4.12+0.40 
(+20.1%) 
Triglyceride 
(mg/gm tissue) 
1.79+0.15 
2.52±0.20t 
(+40.7%) 
2.43+0.18 
(+35.7%) 
2.24+0.37 
(+25.1%) 
2.07+0.24 
(+15.6%) 
2.34+0.21 
(+30.7%) 
2.47+0.30t 
(+37.9%) 
2.20+0.34 
(+22.9%) 
2.12+0.26 
(+18.4%) 
Phospholipid 
(mg/gm tissue) 
18.76+1.76 
23.35±1.51t 
(+24.4%) 
22.37+1.33 
(+19.2%) 
20.34+1.24 
(+8.42%) 
20.19+1.83 
(+7.62%) 
21.86±1.44t 
(+16.52%) 
21.05±1.35t 
(+12.2%) 
19.33+1.57 
(+3.03%) 
19.06+1.60 
(+1.59%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by ANOVA, 
tp<0.05 as compared to control rats. Values in parenthesis represent percent change from the 
respective control. 
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Table 15: Effect of feeding mustard, groundnut, sunflower and soybean oils on 
the levels of serum urea and creatinine. 
Groups Urea 
(mg/lOOml) 
Creatinine 
(mg/lOOml) 
Control 
5% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
20% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
7.2±0.70 
11.4±0.96t 
(+58.3%) 
ll.l±1.24t 
(+54.1%) 
9.7+0.85 
(+34.7%) 
9.3+0.92 
(+29.1%) 
13.1±1.05t 
(+81.9%) 
12.6±1.20t 
(+75%) 
10.4±0.88t 
(+44.4%) 
9.6+1.01 
(+33.3%) 
1.05+0.055 
1.56+0.0801 
(+48.5%) 
1.45+0.065 
(+38%) 
1.38+0.057 
(+31.4%) 
1.33+0.074 
(+26.6%) 
1.72±0.075t 
(+63.8%) 
1.68±0.060t 
(+60%) 
1.51+0.058 
(+62.8%) 
1.42+0.069 
(+35.2%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by ANOVA, 
tp<0.05 as compared to control rats. Values in parenthesis represent percent change from the 
respective control. 
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Table 16: Effect of feeding mustard, groundnut, sunflower and soybean oils on 
the levels of SGPT and SCOT activities. 
Groups SGPT 
(Unit/liter) 
SGOT 
(Unit/liter) 
Control 
5% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
20% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
22.8±1.60 
41.4±2.20t 
(+81.5%) 
42.8±1.85t 
(+87.7%) 
35.1±2.62t 
(+53.9%) 
33.4±2.53 
(+46.4%) 
48.2±2.0t 
(+111.4%) 
51.3±1.80t 
(+125.0%) 
40.0+1.66 
(+75.4%) 
36.0+1.43 
(+57.8%) 
43.5+0.96 
52.1±1.97t 
(+19.7%) 
56.0±2.36t 
(+28.7%) 
50.2+2.58 
(+15.4%) 
48.8+2.40 
(+12.1%) 
60.5±2.24t 
(+39%) 
61.8±2.60t 
(+42%) 
53.7+1.541 
(+23.4%) 
52.4+1.30 
(+20.4%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by ANOVA, 
tp<0.05 as compared to control rats. Values in parenthesis represent percent change from the 
respective control. 
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Table 17: Effect of feeding oil diets (Mustard, groundnut, sunflower and soybean 
oils) on levels of liver antioxidant enzymes (Catalase and Superoxide 
dismutase). 
Groups Catalase 
(Unit/mg protein) 
Superoxide dismutase 
(Unit/mg protein) 
Control 
5% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
20% oil diet 
Mustard oil 
Groundnut oil 
Sunflower oil 
Soybean oil 
33.6±1.85 
56.4±1.60 
(+67.8%) 
61.7±2.44t 
(+83.6%) 
76.2±2.70t 
(+126.7%) 
81.0±3.00t 
(+141%) 
60.3±2.80 
(+79.4%) 
62.5±3.57 
(+86%) 
86.2±4.62t 
(156.5%) 
90.7±3.34t 
(169.9%) 
48.1±2.18 
46.4+3.00 
(-3.5%) 
45.7+2.60 
(-4.98%) 
42.6±2.36t 
(-11.4%) 
43.6±2.43t 
(-9.35%) 
44.3+2.30 
(-7.9%) 
42.6±2.48t 
(-11.4%) 
40.2+1.95 
(-16.4%) 
39.6+2.6 If 
(-17.6%) 
Results are mean + SEM of eight different animals. Statistical analysis was done by ANOVA, 
tp<0.05 as compared to control rats. Values in parenthesis represent percent change from the 
respective control. 
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Table 18: Effect of feeding oil diets (Mustard, groundnut, sunflower and 
soybean oils) on levels of liver antioxidant enzymes (Glutathione 
peroxidase and Glutathione-S-transferase) and Lipid peroxidation. 
Groups 
Control 
5% oil diet 
Mustard oil 
Ground nut oil 
Sunflower oil 
Soybean oil 
20% oil diet 
Mustard oil 
Ground nut oil 
Sunflower oil 
Soybean oil 
Glutathione 
peroxidase 
(Unit/mg protein) 
102.3±2.80 
120.2±3.60 
(+17.4%) 
127.6±2.55t 
(+24.7%) 
140.5±3.12t 
(+37.3%) 
144.6±4.00t 
(+41.3%) 
123.4±4.00 
(+20.6%) 
130.3±3.51 
(+27.3%) 
139.6±2.89t 
(+36.4%) 
141.7±2.56t 
(+38.5%) 
Glutathione- S-
transferase 
(Unit/mg protein) 
37.2±1.53 
60.2±2.02 
(+61.8%) 
67.4±1.98t 
(+81.8%) 
78.6±2.25t 
(+111.2%) 
80.3±2.40t 
(+115.8%) 
66.1+1.53 
(+77.6%) 
69.4+1.98t 
(+86.5%) 
80.5±2.06t 
(+116.3%) 
81.7±2.30t 
(+119.6%) 
Lipid peroxidation 
(nmoles MDA /mg 
tissues) 
0.65+0.053 
0.96±0.060t 
(+47.6%) 
0.91+0.035 
(+40%) 
1.20+0. loot 
(+84.6%) 
1.14±0.125t 
(+75.3%) 
0.98+0.078 
(+50.7%) 
1.07±0.085t 
(+64.6%) 
1.40±0.105t 
(+115.3%) 
1.29±0.132t 
(+98.4%) 
Results are mean + SEM of eight different animals. Statistical analysis was done by ANOVA, 
tp<0.05 as compared to control rats. Values in parenthesis represent percent change from the 
respective control 
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4.6 DISCUSSION 
High content of dietary fatty acid intake is a crucial risk factor for 
hypercholesterolemia, atherosclerosis, cardiovascular diseases and obesity. Dietary oils affect 
the absorption of cholesterol, hepatic cholesterol synthesis and the activity of low density 
lipoprotein receptor (Garg and Blake, 1997; Ros, 2000). Evidence shows that not only the 
amount of fat consumed but also the types of fatty acids influence the serum cholesterol level 
(Parveen et al., 1995). The present section deals with the effect of dietary fat enriched with 
5% and 20% levels of different edible oils containing unsaturated fatty acids (Groundnut, 
mustard, sunflower and soybean oils) on serum, liver and kidney lipid composition as well as 
hepatic antioxidant enzymes in rats. 
Fats and oils, since they form a part of the membrane architecture of various cells, 
exert some degree of influence on body and organ weight. Growth rate in groundnut and 
mustard oil groups (5% and 20% level) was more as compared to control groups. An early 
study reported body/organ weight increase by feeding highly saturated oil (Ramdath and 
Golden, 1989). However, an insignificant weight gain and organ weights was observed in 
soybean and sunflower oil groups. There was also increase in liver and kidney weights of 
unsaturated oil groups. 
Serum lipid profile of animals fed with different oils is shown in Table 11 and 12. In 
the soybean and sunflower groups cholesterol level decreases as compared to other oil 
groups. The reason for the decreased level of cholesterol in the unsaturated oil groups is 
particularly the levels of fatty acids present in them (Trautwein et al., 1999). HDL-C was 
higher in the soybean group, whereas in the groundnut and mustard it is slightly high as 
compared to control. Soybean oil, which is rich in unsaturated fatty acids, has the lowest 
level of LDL-C when compared with control and other oils. The serum TG is slightly 
increased in the soybean (+25.6%, 33.5%) and sunflower (+28.8%, 38.2%) oil groups as 
compared to control group. The results are similar to that reported by others (Porsgaad et al., 
1999). The C/P ratio in 5% and 20% level soybean oil (0.58, 0.62) was lower as compared to 
mustard oil. This is due to the striking differences in fatty acid composition of the oils. The 
C/P ratio is an important factor since it is known to modulate membrane fluidity (Kom, 
1966). Reduction of cholesterol in soybean and sunflower oil groups may be due to the 
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presence of large amounts of linoieic acid, since naturally occurring oils that contain a high 
proportion of linoieic acid are beneficial in lowering serum cholesterol (British Nutrition 
Foundation's Task Force, 1992; Rey et al., 1997). TG and LDL-C values (at 20% level) are 
significantly increased in mustard (+62.7%, +58.7%) and groundnut (+48%, +29.3%) oils fed 
groups while their levels were slightly increased in soybean (+33.5%, +10.7%) group when 
compared with control. 
Tissue lipid profiles of animals fed with these unsaturated fatty acids is presented in 
Table 13 and 14. The liver and kidney cholesterol values of the mustard and groundnut oil 
groups are high as compared to control groups. However the increase in cholesterol value in 
soybean groups is less when compared to mustard and groundnut oils. Several factors are 
known to influence the TG level such as the type of carbohydrate (Meijer and Beynen, 1988) 
and the type of PUFA (Horrobin and Manku, 1983) which may be responsible for increase in 
TG level. The results of the present study also showed an increase in the levels of 
phospholipids in the serum, liver and kidney of rats consuming mustard and groundnut oils, 
compared to control group. Soybean oil group also showed a little increase in phospholipid 
levels but the increase was less than other oils. Unsaturated fatty acids relax blood vessels 
causing an increased production of vasodilatory PGFl and PGF2, thus exhibiting their 
antihypertensive effects (Engler, 1992;Beilin, 1993; Jenkins etal., 1998). 
In the clinical serum examination GOT and GPT activities in serum serve as 
biomarkers for liver damage (Ronald and Koretz, 1992; Hayam et al., 1995), in the present 
study, the activities of GOT and GPT in the serum of rats showed to be significantly affected 
by mustard and groundnut oils (Tables 16), however these parameters were slightly increased 
in soybean and sunflower oil groups as compared to control. The elevation of serum levels of 
urea and creatinine are considered to be significant markers of renal function. The results 
showed a significant increase in the levels of serum urea and creatinine in the mustard and 
groundnut oil groups compared to control level, these values were slightly increased in 
soybean and sunflower oil groups compared to control. 
Oxidative damage by ROS to all types of biomolescules including DNA, proteins and 
lipids has been associated with many diseases (Willcox et al., 2004). There is a vast network 
of intracellular and extracellular antioxidants with diverse roles within each area of defense. 
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SECTION-Ci Comparison of the result of long term feeding of saturated 
fatty acids (coconut oil and palm oil) with one best-unsaturated fatty acid 
(soybean oil). 
In section A of this chapter difference between the dietary effects of two saturated 
fatty acids (coconut and palm) has been investigated. Section B shows the comparative study 
between four unsaturated fatty acids (groundnut oil, mustard, sunflower and soybean oil). 
Using the data of section A and B in this section C a comparison is shown between two 
saturated fatty acid (coconut and palm) with one unsaturated fatty acid (soybean) in terms of 
cholesterol and lipid metabolism as well as for hepatic antioxidant enzymes. 
4.7 RESULTS 
Results obtained from section A and in B (Tables 1-18) are used for comparative study 
of coconut, palm (saturated) and soybean oil (unsaturated fatty acid). 
4.7.1 BODY AND ORGAN WEIGHTS 
The difference in body weight of different treatment groups of coconut, palm and 
soybean oils treated animals is given in Table 1 and 10. The final body weights of palm oil 
and coconut oil group increased as compared to control and soybean oil group. The organ 
(liver and kidney) weight gains of the rats were also significantly decreased by the 
unsaturated fatty acids as compared to saturated oils. 
4.7.2 EFFECT ON SERUM LIPID PROFILE 
The determination of the serum, liver and kidney lipids are shown in Tables 2-5 and 
11-14. For coconut and palm oils (5% and 20%) TC, TG, LDL-C and C/P ratio significantly 
(p<0.05) increased than rats fed with soybean oil. HDL-C was highest in the soybean 
(5%=+26.1%, 20%=+42.6%) group and decreased in coconut and palm oils. Serum PL levels 
significantly increased in coconut oil and palm oil groups. The C/P ratio was lowest in 
soybean oil (5% =0.58 and 20%= 0.62) groups and was higher in coconut (0.77, 0.82) and 
palm oil (0.77, 0.77). The administration of rats with soybean oil reduced the serum lipid 
profiles particularly LDL-C levels and increased HDL-C in serum as compared to saturated 
oil group and control rats. 
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SECTION-Ci Comparison of the result of long term feeding of saturated 
fatty acids (coconut oil and palm oil) with one best-unsaturated fatty acid 
(soybean oil). 
In section A of this chapter difference between the dietary effects of two saturated 
fatty acids (coconut and palm) has been investigated. Section B shows the comparative study 
between four unsaturated fatty acids (groundnut oil, mustard, sunflower and soybean oil). 
Using the data of section A and B in this section C a comparison is shown between two 
saturated fatty acid (coconut and palm) with one unsaturated fatty acid (soybean) in terms of 
cholesterol and lipid metabolism as well as for hepatic antioxidant enzymes. 
4.7 RESULTS 
Results obtained from section A and in B (Tables 1-18) are used for comparative study 
of coconut, palm (saturated) and soybean oil (unsaturated fatty acid). 
4.7.1 BODY AND ORGAN WEIGHTS 
The difference in body weight of different treatment groups of coconut, palm and 
soybean oils treated animals is given in Table 1 and 10. The final body weights of palm oil 
and coconut oil group increased as compared to control and soybean oil group. The organ 
(liver and kidney) weight gains of the rats were also significantly decreased by the 
unsaturated fatty acids as compared to saturated oils. 
4.7.2 EFFECT ON SERUM LIPID PROFILE 
The determination of the serum, liver and kidney lipids are shown in Tables 2-5 and 
11-14. For coconut and palm oils (5% and 20%) TC, TG, LDL-C and C/P ratio significantly 
(p<0.05) increased than rats fed with soybean oil. HDL-C was highest in the soybean 
(5%=+26.1%, 20%=+42.6%) group and decreased in coconut and palm oils. Serum PL levels 
significantly increased in coconut oil and palm oil groups. The C/P ratio was lowest in 
soybean oil (5% =0.58 and 20%= 0.62) groups and was higher in coconut (0.77, 0.82) and 
palm oil (0.77, 0.77). The administration of rats with soybean oil reduced the serum lipid 
profiles particularly LDL-C levels and increased HDL-C in serum as compared to saturated 
oil group and control rats. 
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4.7.3 EFFECT ON LIVER AND KTONEY LIPIDS 
The coconut and palm oil groups showed significantly higher levels of liver and 
kidney TC, TG and PL compared to control and soybean oil group. The treatment of rats with 
soybean reduced the liver and kidney lipid profiles compared to coconut and palm oil groups 
(Tables 3,4,13 and 14). 
4.7.4 EFFECT ON OTHER SERUM PARAMETERS 
In order to assess kidney function, serum urea and creatinine concentrations were 
determined. The coconut and palm groups gave significantly higher levels of urea and 
creatinine as compared to control and soybean oil fed groups (Table 6 and 15). Monitoring of 
liver function was done by measuring SGOT and SGPT. A lesser increase of SGOT and 
SGPT were observed in soybean oil as compared to coconut and palm oils (Table 7 and 16). 
4.7.5 ANTIOXIDANT STATUS AND LIPID PEROXIDATION OF THE LIVER 
TISSUE 
The activities of various antioxidant enzymes of liver of different oil fed animals 
groups were determined. Tables 7, 8, 17 and 18 summarize the activities of hepatic 
antioxidant enzymes. Coconut and palm oil diets showed a decrease in the activities of hepatic 
antioxidant enzymes compared to control and soybean oil group. Coconut and palm oils 
indicated a decrease in SOD activities and increase in CAT GST and GPx compared to 
control and soybean oil group. Coconut oil and palm oil groups showed slight increase in lipid 
peroxidation compared to the control group. In soybean oil experimental group also there was 
increase in the lipid peroxidation, however the level of MDA is significantly enhanced with 
the use of PUFA showing the increased level of lipid peroxidation (Table 18). The result 
indicates that soybean oil is more effective in reducing the serum, liver and kidney lipids as 
well as it leads to maximum increase in antioxidant enzymes and tries to prevent lipid 
peroxidation. 
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4.8 DISCUSSION 
The vegetable oils are good source of unsaturated fatty acids containing essential fatty 
acids (EFA) needed in the diet for normal growth and functioning of mammals (Lapillonne 
and Carlson, 2001). But at the same time consumption of these oils increases the risk for 
certain heart and liver diseases (Hu et al., 2001). Variations in dietary fatty acid content, has 
been shown to affect several metabolic processes, including insulin action (Storlien et al., 
1991), metabolic rate, blood pressure (Berry and Hirsch, 1986) and variables related to 
coronary artery disease (Hu et al., 2001). Coconut, palm and soybean oils are widely used in 
India for cooking. 
Growth rate and organs weight gain in coconut and palm oil groups (5% and 20% 
level) is more as compared to soybean oil. However, body weight and organ weight gain 
observed in unsaturated groups was not significant, the study is in agreement with (Ramdath 
and Golden, 1989). 
Serum, liver and kidney lipid profiles of animals fed with coconut, palm and soybean 
oils are present in Tables 2-5 and 11-14. In the coconut and palm group the increase in 
cholesterol level is significant at p<0.05. The reason for the elevated level of cholesterol in 
the coconut and palm oil groups is due to the higher levels of saturated fatty acids (August! et 
al., 2005). HDL-C was high in the soybean group, whereas in the palm and coconut it is 
slightly increased. For LDL-C, soybean (+3.96%, +10.7%), which is rich in unsaturated fatty 
acids, has the lowest levels when compared to palm and coconut oil groups. The serum TG is 
significantly reduced in the soybean groups when compared to saturated oil groups. The 
results are similar to the studies reported by others (Porsgaad et al., 1999). The C/P ratio for 
soybean oil was low, as compared to palm and coconut oil groups. This is due to strikingly 
different fatty acid composition of these oils. The C/P ratio is an important factor since, it is 
known to modulate membrane fluidity. Reduction of cholesterol in soybean groups may also 
be due to the presence of large amounts of linoleic acid (Rey et al, 1997). 
Tissue lipid profiles of animals fed with coconut, palm and soybean oil are presented 
in Tables 4-5 and 13-14. The tissue cholesterol and TG values in soybean groups are lower 
when compared to coconut and palm oil groups. The results also showed an increased level of 
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phospholipids in the serum, liver and kidney of the rats fed with palm and coconut oils as 
compared to soybean oil group. It has been reported that coconut oil increases blood pressure, 
contributes to hypertension, all are the risk factors for myocardial infraction (Zulet et al., 
1978; Collins etal., 1990). 
In the clinical serum examimnation GOT and GPT activities in serum serve as 
biomarkers for liver damage (Hayam et al., 1995), in the study, the activities of GOT and 
GPT in the serum of rats were found to be significantly affected by coconut and palm oils 
(Tables 7). Soybean oil groups showed only slight increase in SCOT and SGPT levels 
compared to control. The results showed a significant increase in the level of serum urea and 
creatinine in the coconut and palm oil groups indicating kidney damage, however in soybean 
oil groups there was slight increase in urea and creatinine levels compared to control, but it 
was less as compared to SFA. 
The role of the antioxidant defence system is found to be influenced by nutrition 
(Thomas, 1995). The activity of CAT, GPx and GST were increased in the soybean oil treated 
rats as compared to control group and SFA oils. As mentioned in previously increase in CAT 
activity may probably be due to increased formation of H202and decreased activity for SOD 
could be partially explained by the poor of response on the part of SOD to oxidative stress as 
has been reported earlier (Benedetti et al., 1987 and 1990). CAT and GPx have been credited 
with the ability to detoxify peroxides and hydroperoxides and to prevent lipid peroxidation 
(Christopherson, 1968; Crane and Masters, 1984; Young and Woodside, 2001). 
Lipid peroxidation usually results in decreased membrane fluidity, cell injury and may 
cause the formation of atherosclerotic plaques (Lu and Chiang, 2001). The antioxidant 
mechanism fails either due to excessive production of free radicals or decreased activities of 
scavenging enzymes, or both causing lipid peroxidation (Ruiz-Gutierrez et al., 1999), 
production of free radicals result in significant tissue damage and diseases. In the present 
study, lipid peroxidation and antioxidant defence system decreases when more SFA (coconut 
and palm) were consumed, in contrast soybean treated group showed, an increased level of 
LPO. However a possible deleterious effect in cellular function can be ruled out because of 
the high levels of antioxidant enzymes in the soybean oil group. In soybean oil presence of 
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antioxidant such as flavonoids and other phenolic compounds found compared to coconut and 
palm oil may be one of the reasons for decrease in lipid peroxidation. Thus soybean oil was 
found to be fit for consumption and gives less harmful effects as it maintains high level of 
antioxidant enzymes. 
The three oils were selected for the following reason: Soybean oil consumption is 
increasing through out the world, mustard oil is widely used Northern part of India and 
coconut oil is widely used in Southern region of India for cooking purposes, thus reinforcing 
the need for more research in the area. It is expected that such a study would provide an 
insight in to the mechanism underlying the differential aspects of SFA, MUFA and PUFA for 
the cholesterol and lipid metabolism as well as hepatic antioxidant enzymes. In addition to 
this in the subsequent chapters SFA, MUFA and PUFA were compared in terms of blended 
and heated oil, studies form their impact on various parameters related to health of rats. 
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5.1 GENfERAL 
Heating and deep fat flying is one of the most commonly used procedures for the 
preparation of foods. It has been demonstrated that profound qualitative and quantitative 
changes takes place during heating and flying. Heating of edible oils and fats for a 
considerable length of time result in the formation of compounds with antinutritional 
properties (Alexander et al., 1987). The compounds generally formed during heating and 
fat frying are lipid peroxidation products, enzymes inhibitors, antinutritional factors, 
mutagens and carcinogens (Billek, 1979; Varela et al., 1988). During such process 
unavoidable chemical reaction lead to the formation of both volatile and nonvolatile 
products, this may affect animal and human health (Naz et al., 2005). The safety of 
thermally heated oils for consumption has been questioned for a long time. Present study is 
an attempt to investigate the effect of feeding of heated oils, SFA (coconut), MUFA 
(mustard) and PUFA (soybean) on various organs of rats. 
5.2 HEATING OF OILS 
The procedure for heating of oils is given in the methods section. 
5.3 EXPERIMENTAL DESIGN 
Animals received standard diet enriched with 10% of fresh and heated oil mixed 
thoroughly with the powdered chow for the experimental period. The rats were divided 
into following six groups comprising of eight animals in each group. 
Group 1: Control rats given fresh coconut oil. 
Group 2: Rats treated with heated coconut oil. 
Group 3: Control rats given fresh mustard oil. 
Group 4: Rats treated with heated mustard oil. 
Group 5: Control rats given fresh soybean oil. 
Group 6: Rats treated with heated soybean oil. 
The animals were weighed periodically once a week and record of their growth was 
maintained. At the end of the experimental period (12 weeks), the rats were anaesthetized 
and sacrificed and blood was collected. Then serum and tissues (kidney and liver) were 
analyzed for various parameters. 
5.4 RESULTS 
The following results were obtained from the study. 
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5.4.1 BODY AND ORGAN WEIGHTS 
All groups of animals consumed same amount of diet 14 gm/day/rat and received 
10% oil along with the diet. The gain in body weight of different treatment groups of 
animals is given in Table 19. The final body weight of heated oil groups was less as 
compared to fresh oil groups, particularly heated soybean oil consumption reduced the 
weight. The organ (liver and kidney) weight gain of the rats was significantly affected by 
the type of dietary fat. When compared within the oil groups rats fed with coconut oil diets 
had higher final body weights and organ weight gain than rats fed with other oil diets. 
5.4.2 EFFECT ON SERUM LIPID PROFILE 
Heated dietary oils affected the concentrations of lipid profile. The data of serum 
lipids are shown in Tables 20 and 21. Heated coconut oil feeding showed higher serum 
lipid profile than rats fed with fresh coconut oil (control group). The heated coconut oil 
group showed significantly higher levels of serum TC (+14%, p<0.05), LDL-C (+27.7%), 
TG (p<0.05) and C/P ratio (0.92) compared to respective control values. The soybean and 
mustard diet rats showed slightly increased levels of serum TC (+4.3%, +6.8%), TG 
(+4.6%, +11.1%) and LDL-C (+8.1%, +8.6%) as compared to respective fresh oil. HDL-C 
was highest in the heated soybean (+23.3%) group followed by mustard oil, whereas in the 
coconut group it is significantly (+2.22%) low. Serum PL values in all heated oil groups 
decreased as compared to fresh oil groups. But serum PL levels under various groups did 
not show any significant difference when compared to their respective control in fresh oil 
except for minor variations (Table 20). The C/P ratio was lowest in the heated soybean 
(0.66) and mustard oils (0.77) as compared to respective control groups (Table 21). The 
administration of rats with heated soybean reduced the serum lipid profiles particularly 
LDL-C levels and increased HDL-C (+23.3%) in serum. 
5.4.3 EFFECT ON LIVER AND KIDNEY LIPIDS 
The heated coconut oil group showed significantly higher levels of TC, TG, and PL 
in liver (TC +24.3%, TG +9.32%, PL +24.0% p<0.05) and kidney (TC +12.5%, TG 
+15.2%, PL +25.8% p<0.05) (Table 22 and 23) compared to fresh coconut oil. The 
soybean and mustard oil group of rats showed only a slightly increased level of liver and 
kidney TC, TG and PL as compare to their respective fresh oils (Table 22 and 23). Among 
the two oils, soybean and mustard, administration of rats with heated soybean oil was 
found to be better. 
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5.4.4 EFFECT ON OTHER SERUM PARAMETERS 
Compared to fresh oil, rats treated with heated oil led to an increase in the levels of 
urea and creatinine (Table 24). However a comparison within different oil groups showed 
that urea (+36.4%) and creatinine (+76.7%) levels were significantly elevated in heated 
coconut groups. Rats fed with soybean oil diets showed less increase in urea, creatinine 
consentrations. SCOT and SGPT levels also act as indicators of liver and heart function. 
Data shows an increase in the value of these enzymes in heated coconut group (+21.0%, 
+16.6% p<0.05) compared to their respective fresh coconut oil group. The soybean and 
mustard groups also showed slight increase in the levels of SCOT and SGPT but less than 
that of coconut oil group (Table 25). 
5.4.5 EFFECT ON HEPATIC LffOGENIC ENZYMES 
Malic enzyme, a major lipogenic enzyme involved in fatty acid biosynthesis, 
significantly decreased by feeding coconut oil (-20.0%, p<0.05) compared to its respective 
fresh oil (Table 26). Isocitrate dehydrogenase (ICDH) activity was not affected by various 
oils as indicated by no difference in various oil fed groups. Glucose-6-phosphate 
dehydrogenase (G6PDH) activity in liver was also showed reduced significantly in heated 
coconut oil (-57.1%, p<0.05) group as compared to fresh coconut oil fed groups. The 
heated soybean and mustard oil groups also showed decreased in the levels of malic 
enzymes and G6PDH, but the values were less than that of heated coconut oil group. 
5.4.6 ANTIOXIDANT STATUS AND LIPID PEROXIDATION OF THE LIVER 
TISSUE 
Heated oils affected almost all of the antioxidant enzymes studied. Figures 1-5 
summarizes the activities of hepatic antioxidant enzymes. Heated coconut oil diets 
decreased the activities of hepatic antioxidant enzymes (SOD -25%, GST -10.6% GPx -
21.1%) compared to fresh coconut oil, however consumption of heated soybean oil and 
mustard oil gave much more decrease in SOD, and GPx activities compared to their 
respective fresh oil groups. Soybean oil group increased lipid peroxidation (+25.2%) 
compared to the fresh oil group, coconut and mustard oil groups also showed a parallel 
increase (+20%, +23.7%) in the lipid peroxidation. The results indicate that although 
heated soybean oil is more effective in maintaining serum, liver and kidney lipids, the 
increase in antioxidant enzymes level may be a mechanism to prevent lipid peroxidation. 
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Table 19: Weight gain after 12 weeks of feeding of dietary oils (fresh oil and 
heated oil) on body, liver and kidney weights. 
Groups 
Coconut oil 
Fresh oil 
Heated oil 
Mustard oil 
Fresh oil 
Heated oil 
Soybean oil 
Fresh oil 
Heated oil 
Weight gain 
(gm) 
212 ±6.2 
198±7.1 
197 ±4.8 
181±5.4 
175.0 ±5.6 
158.5±6.4 
Liver weight (gm) 
10.3±0.91 
10.9±0.70 
9.35±0.74 
I0.1±0.68 
8.30±0.66 
9.50±0.52 
Kidney weight (gm) 
1.91±0.43 
1.90±0.52 
1.74±0.36 
1.80±0.40 
1.49±0.32 
1.65±0.28 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 heated oil treated rats as compared to respective fresh oil control rats. 
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Table 20: Effect of dietary oils on serum total cholesterol, triglyceride and 
phospholipid in fresh oil (control) and heated oil treated rats. 
Groups 
Total cholesterol 
(mg/lOOmI) 
Fresh oil 
Heated oil 
Triglyceride 
(mg/lOOml) 
Fresh oil 
Heated oil 
Phospholipid 
(mg/lOOmI) 
Fresh oil 
Heated oil 
Coconut oil 
121.7±4.23 
139.6±5.61t 
(+14.0%) 
152.5±4.96 
167.1±3.41t 
(+9.57%) 
163.2+4.12. 
151.3+3.56 
(-7.29%) 
Mustard oil 
104.8+4.01 
112.0±3.84t 
(+6.8%) 
138+4.58 
153.4+3.72t 
(+11.1%) 
156.2+3.80 
144.4+3.65 
(-7.55%) 
Soybean oil 
94.7+3.24 
98.8+3.72 
(+4.3%) 
133.1+4.61 
139.3+4.80t 
(+4.6%) 
152.1+4.44 
148.3+3.87 
(-2.49%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 heated oil treated rats as compared to respective fresh oil control rats. 
Values in parenthesis represent percent change from the respective control. 
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Table 21: Effect of dietary oils on serum HDL-C, LDL-C and cholesterol 
/phospholipid in fresh oil (control) and heated oil treated rats 
Groups 
HDL-Cholesterol 
(mg/lOOml) 
Fresh oil 
Heated oil 
LDL-Cholesterol 
(mg/lOOmI) 
Fresh oil 
Heated oil 
Cholesterol / 
phospholipid 
Fresh oil 
Heated oil 
Coconut oil 
40.3±1.03 
41.2±1.84 
(+2.22%) 
50.8±1.89 
64.9±2.26t 
(+27.7%) 
0.75 
0.92 
Mustard oil 
42.6±2.21 
43.7±2.43 
(+2.58%) 
34.6+1.54 
37.6+1.27 
(+8.6%) 
0.67 
0.77 
Soybean oil 
41.6+2.46 
51.3+1.94t 
(+23.3%) 
27.0+1.03 
29.2+1.33 
(+8.1%) 
0.62 
0.66 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 heated oil treated rats as compared to respective fresh oil control rats. 
Values in parenthesis represent percent change from the respective control. 
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Table 22: Effect of dietary oils on liver total cholesterol, triglyceride and 
phospholipid in fresh oil (control) and heated oil treated rats. 
Groups 
Total cholesterol 
(mg/gm tissue) 
Fresh oil 
Heated oil 
Triglyceride 
(mg/gm tissue) 
Fresh oil 
Heated oil 
Phospholipid 
(mg/gm tissue) 
Fresh oil 
Heated oil 
Coconut oil 
5.23±0.71 
6.53±0.97 t 
(+24.3%) 
2.68±0.37 
2.93±0.55 t 
(+9.32%) 
25.1+1.38 
31.3+2.24 t 
(+24.0%) 
Mustard oil 
4.50+0.83 
4.48 ±0.68 t 
(+21.7%) 
2.31+0.28 
2.49+0.47t 
(+7.7%) 
21.8+1.87 
27.7+2.5 t 
(+27.0%) 
Soybean oil 
3.59+0.29 
3.82+0.43 
(+6.4%) 
2.02+0.31 
2.14+0.35 
(+5.94%) 
16.8+1.96 
19.7+1.81 
(+17.2%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 heated oil treated rats as compared to respective fresh oil control rats. 
Values in parenthesis represent percent change from the respective control. 
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Table 23: Effect of dietary oils on kidney total cholesterol, triglyceride and 
phospholipid in fresh oil (control) and heated oil treated rats. 
Groups 
Total cholesterol 
(mg/gm tissue) 
Fresh oil 
Heated oil 
Triglyceride 
(mg/gm tissue) 
Fresh oil 
Heated oil 
Phospholipid 
(mg/gm tissue) 
Fresh oil 
Heated oil 
Coconut oil 
4.8±0.38 
5.4±0.52t 
(+12.5%) 
1.57±0.16 
1.81±0.39t 
(+15.2%) 
20.9+1.38 
26.3+.05 t 
(+25.8%) 
Mustard oil 
4.51+0.33 
4.78+0.58 
(+10.4%) 
1.24+0.21 
1.42+0.28t 
(+14.5%) 
16.0+2.53 
18.9+1.94 t 
(+18.1%) 
Soybean oil 
3.79+0.24 
4.01+0.36 
(+5.8%) 
0.93+0.10 
1.07±0.22t 
(+9.6%) 
15.5+2.33 
16.1+1.81t 
(+3.87%) 
Results are mean + SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 heated oil treated rats as compared to respective fresh oil control rats. 
Values in parenthesis represent percent change from the respective control. 
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Table 24: Effect of dietary oils on serum urea and creatinine in fresh oil 
(control) and heated oil treated rats. 
Groups 
Urea 
(mg/lOOml) 
Fresh oil 
Heated oil 
Creatinine 
(mg/lOOml) 
Fresh oil 
Heated oil 
Coconut oil 
14.0±0.61 
19.1±1.62t 
(+36.4%) 
0.86±0.54 
1.52±0.81t 
(+76.7%) 
Mustard oil 
12.0±0.74 
16.2±.24 t 
(+26.6%) 
0.72+0.42 
1.49+0.55 t 
(+72.7%) 
Soybean oil 
10.5+0.65 
11.3+1.02 
(+7.6%) 
0.70+0.37 
1.24+0.68 
(+45.7%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 heated oil treated rats as compared to respective fresh oil control rats. 
Values in parenthesis represent percent change from the respective control. 
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Table 25: Effect of dietary oils on SCOT and SGPT in fresh oil (control) and 
heated oil treated rats. 
Groups 
SCOT 
(Unit/liter) 
Fresh oil 
Heated oil 
SGPT 
(Unit/liter) 
Fresh oil 
Heated oil 
Coconut oil 
51.2±1.28 
62.0±2.12t 
(+21.0%) 
64.2±2.16 
74.6±1.95t 
(+16.6%) 
Mustard oii 
40.1±1.31 
47.9±2.08t 
(+19.2%) 
53.4±2.32 
61.3+2.67 t 
(+14.7%) 
Soybean oil 
31.3+1.40 
37.3+1.96 
(+15.9) 
44.6+1.66 
49.8+2.43 t 
(+11.6%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 heated oii treated rats as compared to respective fresh oil control rats. 
Values in parenthesis represent percent change from the respective control. 
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Table 26: Effect of dietary oils on hepatic lipogenic enzymes of rats fed diets 
based on fresh oil (control) and heated oil. 
Groups 
Malic enzymes 
(lU/mg protein) 
Fresh oil 
Heated oil 
ICDH 
(lU/mg protein) 
Fresh oil 
Heated oil 
G6PDH 
(lU/mg protein) 
Fresh oil 
Heated oil 
Coconut oil 
0.60±0.56 
0.48±0.91t 
(-20%) 
1.87±0.35 
1.29±0.70t 
(-31%) 
0.07±1.12 
0.03±1.40t 
(-57.1%) 
Mustard oil 
0.83±0.47 
0.57±0.72t 
(-31.3%) 
2.02±0.26 
1.65±0.49t 
(-18.3%) 
0.06±1.83 
0.05±2.14 
(-16.6%) 
Soybean oil 
0.94±0.39 
0.81±0.64 
(-13%) 
1.98±0.30 
1.74±0.52 
(-12%) 
0.09±1.80 
0.07±1.31 
(-22.2%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 heated oil treated rats as compared to respective fresh oil control rats. 
Values in parenthesis represent percent change from the respective control. 
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Figure 1: Effect of dietary oils (fresh and heated oils) on liver Superoxide 
dismutase activity in rats. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 heated oil treated rats as compared to respective fresh oil control rats. 
Values in parenthesis represent percent change from the respective control. 
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Figure 2: Efliect of dietary oils (fresh and heated oils) on liver Catalase 
activity in rats. 
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Results are mean + SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 heated oil treated rats as compared to respective fresh oil control rats. 
Values in parenthesis represent percent change from the respective control. 
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Figure 3: Effect of dietary oils (fresh and heated oils) on liver Glutatione-S-
transferase activity in rats. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 heated oil treated rats as compared to respective fresh oil control rats. 
Values in parenthesis represent percent change from the respective control. 
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Figure 4: Effect of dietary oils (fresh and heated oils) on liver Glutathione 
peroxidase activity in rats. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 heated oil treated rats as compared to respective fresh oil control rats. 
Values in parenthesis represent percent change from the respective control. 
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Figure 5: Effect of dietary oils (fresh and heated oils) on liver Lipid 
peroxidation in rats. 
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Results are mean + SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 heated oil treated rats as compared to respective fresh oil control rats. 
Values in parenthesis represent percent change from the respective control. 
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5.5 DISCUSSION 
Oxidized fats as components of heated and deep fried foods play an important role 
in the development of various diseases. For instance, increased intake of oxidized fats has 
been linked to increased coronary artery diseases and endothelial dysfunction in humans 
(Cohn, 2002). Oxidized fats are also relevant in the etiology of cancer (Yang et al., 1998). 
The main objective of the present study was to evaluate long term (12 weeks) feeding 
effect of fresh and heated edible oils (Coconut, mustard and soybean) on lipid content of 
serum and tissues, as well as on lipogenic and antioxidant enzymes of the liver. 
The observed growth rate in heated oil groups (10% level) in all groups was 
compared with their respective fresh oils (unhealed). The marginal difference in weights 
observed in the three heated oils i.e. soybean, mustard and coconut groups were not 
significant. It is possible that taste and odour characteristics might have contributed to the 
lower food intake in some groups. Oxidation, less fat absorption, malabsorption and 
reduction in fat-soluble vitamins in diet may be another contributory factor for lower 
growth rate. The results are supported by the scientists Miller and Lang, (1990). The 
increase in liver and kidney weights was observed among the groups in the study. It has 
been shown that the enlargement of liver is largely due to a proliferation of endoplasmic 
reticulum, which is indicated by the induction of microsomal detoxifying enzymes 
(Lamboni et al., 1998). Over heating and thermal oxidation also leads to growth 
depression and gastrointestinal disturbances (Andrews et al., 1960). 
Table 20 and 21 present serum lipid profiles of animals fed with fresh and heated 
oils. In the CO (coconut) group the increase in serum cholesterol level is significant 
(p<0.05) while in MO (mustard) and SO (soybean) it is marginally higher. The reason for 
the elevated level of cholesterol in the heated oil groups is particularly due to reduced 
levels of PUFA when compared with fresh oils (Singman et al., 1980). On heating the oils, 
there is also destruction of vitamins, particularly vitamin E, which other than dietary fatty 
acids is also a contributing factor to these effects. In the heated oil group of rats HDL-C 
was highest in the SO group followed by MO group, whereas in the CO group it is 
significantly low. However, in all groups increase was due to the destruction of PUFA and 
vitamin E which are protective in nature, results are supported by other workers (Dunn et 
al., 1975). It has also been demonstrated that diets rich in linoleate and PUFA are known to 
reduce serum cholesterol (Hostmark et al., 1982) and it is normally accompanied by an 
99 
Chapter II 
increase in HDL-C. In the case of LDL-C, coconut, which is rich in saturated fatty acids, 
has the highest (+27.2%, p<0.05) level of LDL-C when compared to other two oil groups 
(Table 20 and 21). Increased levels of LDL-C in the blood to play major role in the risk of 
CVD (Goldstein and Brown, 1975). The serum TG is significantly low in the SO (+4.6%) 
group when compared to CO (+9.5%) group. The lower phospholipid level might be due to 
the inhibition of lipogenesis and in the heated oils due to the presences of some toxic 
factors as reported by Nakamura et al., (1973). The C/P ratio is high in CO (0.92) group 
when compared with other groups, which is due to the strikingly different fatty acid 
composition of coconut oil. The C/P ratio is an important factor since, it is known to 
modulate membrane fluidity (Kom, 1966). Reduction of cholesterol in SO group may be 
due to the presence of large amounts of linoleic acid. Naturally occurring oils that contain a 
high proportion of linoleic acid has been shown to be beneficial in lowering serum 
cholesterol while a high proportion of saturated fatty acid raises its level (Nordoy, 1999). 
TG showed a significant increase in CO fed groups while their level was significantly low 
in SO group when compared with fresh oil. Coconut oil has been reported to contribute to 
hypertension (Collins et al., 1990). 
Like serum parallel results were obtained in the tissues, liver and kidney cholesterol 
values of the heated oil groups were found to be high compared to control (fresh oil) 
groups. The tissue cholesterol values in CO groups are much higher than other groups. 
These results are not in agreement with others (Krichevsky et al., 1988). The increased 
level of TG has been observed particularly in the heated oil group which signifies lesser 
availability of PUFA particularly linoleate fatty acid compared to fresh oil groups. Several 
factors are known to influence the TG such as the type of carbohydrate (Meijer and 
Beynen, 1988) and the type of PUFA (Horrobin and Manku, 1983). Hypertriglyceridemia 
was associated with an increased risk of CHD because of the increased production of 
atherogenic and lipogenic lipoproteins (Austin, 1991). The results in the present study 
showed an increase in the level of phospholipid in the liver and kidney of the rats receiving 
heated oil as compared to fresh oil (Table 20). Infact recent researches suggest that 
saturated fat intake appears to be a risk factor for insulin resistance which is important in 
the pathogenesis of type II diabetes mellitus, cardiovascular diseases and hypertension 
(Beegom and Singh, 1997). 
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The activities of GOT and GPT in the serum of rats were found to be significantly 
affected by oxidized oils. In the clinical serum examination the GOT and GPT activities 
serve as biomarkers of liver function (Ronald and Koretz, 1992), thus it indicates that 
oxidized coconut oil might injure liver function our results agree with Hayam et al., 
(1995). The elevations of serum levels of urea and creatinine, which are significant 
markers of renal dysfunction, are found to be significantly increased in all the heated oil 
groups compared to fresh oil (Table 24). However the heated soybean oil group showed 
lesser increase in urea and creatinine levels compared to control (fresh oil). 
The major lipogenic enzymes like malic enzyme (ME) responded in a different 
manner to the dietary fat content in liver (Amesen et al., 1993). ME is involved in fatty 
acid biosynthesis (in converting malate to pyruvate with subsequent generation of 
extramitochondrial NADPH). It is significantly reduced in liver with a diet rich in saturated 
fat. It is reported that when more fat is absorbed from intestine the activities of major 
lipogenic enzymes are reduced. The cytosolic ICDH is suggested as an important source of 
reducing fatty acid biosynthesis. In the present study ICDH activity was found to be 
unaltered irrespective of the nature of the fat present in the diet. The G6PDH activity is an 
excellent model system to analyze the influence on metabolism by dietary fat since it 
participates in multiple metabolic pathways such as lipogenesis, cellular growth and 
reductive biosynthesis. It also has a direct influence on detoxification reactions (Eder et al., 
2003). In our study the lipogenic enzymes decreased in coconut oil (SFA) as compared to 
soybean oil (PUFA). 
Free radical and free radical reactions are involved in the etiology and development 
of a number of diseases, especially those that are life limiting (Thomas, 1995). In the 
present study, decreased GPx activity is in agreement with the findings of Kok et al. 
(1988). Reduced GPx activity is also seen in the liver and kidney of rats fed with 
docosahexaenoic acid despite the susceptibility of tissue to lipid peroxidation, which could 
not be protected by dietary vitamin E. GPx is an important enzyme in the detoxification of 
lipid peroxides to form less toxic hydroxyl fatty acids (Lei, 2002). The activity of GPx was 
unchanged while the levels of CAT and lipid peroxidation were increased in both heated 
MO and SO oils treated rats as compared to fresh group. Increased CAT activity in the 
heated oil fed groups of rats may probably be due to increased formation of H2O2. The 
results are in agreement with the findings of Narasimhamurthy and Raina (1999). CAT and 
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GPx have been credited with the ability to detoxify peroxides, hydroperoxides and to 
prevent lipid peroxidation. The role of GPx in the biological system is to prevent initial 
free radicals attachment to membrance lipids. CAT does not remove all the cellular H2O2, 
whereas GPx removes most if not all (Orrenius et al., 1982). 
GST is a group of enzymes capable of effectively removing large number of 
hydrophobic, hydrophilic and electrophilic xenobiotics (Jacoby, 1978). High concentration 
of this enzyme is found in erythrocytes than in liver. Some GST isoenzymes exhibit 
peroxidase activity by reducing intracellular lipid peroxides with the help of glutathione 
(Prohaska and Ganther, 1977). 
As in the present study a decreased activity of SOD has been reported for safflower 
oil (Benedetti et al., 1990). The levels of antioxidant enzymes vary in physiological 
system. The increase or decrease in activities of these enzymes is still largely unknown. It 
is probably due to several factors like heating/frying conditions, nature of fat or their 
degree of unsaturation, peroxidation and concentration of the antioxidants, all these factors 
play a synergistic role in modulating the activities of these enzymes. 
The antioxidant mechanism fails either due to excessive production of free radicals 
or decreased activities of scavenging enzymes, or both causing lipid peroxidation (Ruiz-
Gutierrez et al., 2001 and 1999). Since lipid peroxidation is a self-propagating chain 
reaction, the initial oxidation of only a few lipid molecules can result in significant tissue 
damage and diseases. In the present study, lipid peroxidation and antioxidant defence 
system decreased when more SFA (coconut) was consumed, however in the PUFA treated 
group (soybean and mustard), a high level of LPO was observed, although as explained 
earlier a possible deleterious effect in cellular function can be ruled out because of the high 
levels of antioxidant enzymes in the experimental animals. These results suggest that the 
effect of lipid peroxidation or fatty acid de-saturation in the lipid metabolism may be 
modified by several nutritional factors, and it is concluded that feeding of heated soybean 
oil (PUFA) is less harmful for consumption and it also maintains high level of antioxidant 
enzymes when compared with heated mustard and coconut oils. However, further studies 
are required to understand the mechanism responsible for these effects. 
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6.1 BLENDING OF OILS 
Blending of oils may reduce the pressure for regional preferences of specific 
individual oils, thereby indirectly helping in stabilizing the edible oil prices in the country. 
Exploring the blends of unconventional oils with common vegetables oils, has not only 
economical importance but has been shown to improve the diet quality (Koba et al., 2000; 
Khan, 2001). Blending different types of oils can give better quality products having 
desirable physicochemical properties as well as nutritional value at affordable prices. 
Blending of oils for the manufacture of vanaspati has been a common permitted practice in 
the country for many decades (Lewis, 1986). Limited data is available for the effect of oil 
blends on the physiological system. Current recommendations in the prevention of 
atherosclerosis aims at improving the nutrients of the diet, especially by increasing dietary 
antioxidants (Nicolosi et al., 1991), such as vitamin E (Minhajuddin et al., 2005), because 
humans and animals do not synthesize this vitamin, they primarily acquire tocopherols and 
tocotrienols from plant sources, rice bran oil contains more than 6% tocotrienols (Qureshi et 
al., 2002; Minhajuddin et al., 2005). Edible oils rich in PUFA have been reported to 
decrease the lipid parameters. Studies have indicated that RBO has a significant 
hypocholesterolemic effect in both animals and humans. This effect has been attributed to 
minor components like 7-oryzanol and tocotrienols present in this oil (Cicero and Gaddi, 
2001; Most et al., 2005). Among all edible unconventional oils, RBO seems to have great 
promise for use in oil blends because of its beneficial nutritional properties as well as rich 
antioxidant content, which may confer oxidative stability to PUFA rich oil. PUFA oils were 
found to reduce serum TC also at the same time they lower the beneficial HDL-C, whereas 
RBO along with antioxidant properties was found to increase the latter significantly. 
Moreover, RBO has tremendous potential in India, as it is predominantly a rice producing 
country. 
In the present study three commonly consumed oils, namely coconut oil (CO), 
mustard oil (MO) and soybean oil (SO) were blended with RBO in the ratio of 7:3 for each 
oils, and tested for their lipidemic properties with the objective of promoting their use in 
edible oil blends. In addition, we have isolated the polyphenol fraction of the three oils to 
determine whether the polyphenol fraction from RBO+SO has any beneficial effect over 
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the polyphenol fraction from other two oils in preventing the in vitro Cu^ * induced LDL 
oxidation and carbonyl formation. 
6.2 EXPERIMENTAL DESIGN 
The rats were divided into five groups comprising of eight animals in each group as 
given below: 
Group 1: animals (control) were fed a commercial standard diet. 
Group 2: animals were given standard diet enriched with 10% rice bran oil. 
Group 3: animals were given standard diet enriched with 10% of coconut-blended oil (3% 
rice bran oil + 7% coconut oil). 
Group 4: animals were given standard diet enriched with 10% mustard blended oil (3% 
rice bran oil + 7% mustard). 
Group 5: animals were given standard diet enriched with 10% soybean blended oil (3% 
rice bran oil + 7% soybean oil). 
Total experimental duration was 12 weeks. The animals were weighed periodically once a 
week and record of their growth was maintained. 
6.3 RESULTS 
The following results were obtained in the study to evaluate the effect of blended 
coconut, mustard and soybean oils with rice bran oil on rats. 
6.3.1 BODY AND ORGAN WEIGHTS 
In the present study rats in the five experimental groups consumed similar amount 
of food. The difference in the initial and final body weight of different treatment groups of 
animals is given in Table 27. The result shows that final body weights as well as liver and 
kidney weights of RBO blended oils fed rats increased significantly as compared to control 
and RBO (unblended) groups. 
6.3.2 EFFECT ON SERUM LIPID PROFILE 
Blended dietary oils also affected the concentrations of lipid profile. The result of 
serum lipids are shown in Table 28 and 29. The RBO blended oils (RBO+CO, RBO+MO 
and RBO+SO) showed increased levels of serum TC, TG and LDL-C and C/P ratio as 
compared to respective controls and RBO group. The RBO blended soybean and mustard 
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oils showed slightly increased levels of serum TC, TG and LDL-C as compared to 
respective controls, but when this group is compared with RJBO group a decreased level of 
serum lipid profile is obtained (Table 28 and 29). HDL-C was highest (33.6%) in the RBO 
followed by blended soybean oil (+26.7%), whereas in the coconut group it is significantly 
low (+5.1%). Serum phospholipid in all blended oil groups increased as compared to 
control. The administration of rats with RBO blended soybean reduced the serum lipid 
profiles particularly the LDL-C levels and increased HDL-C in comparison to control rats. 
The C/P ratio was low in RBO+SO (0.65) as compared to control and the RBO+CO (0.74) 
and RBCH-MO (0.67) oil groups. 
6.3.3 EFFECT ON LIVER AND KTONEY LlPmS 
The RBO blended coconut oil group showed significantly higher levels of liver (TC 
+45.8%, TG +55.7%, PL +50.8% p<0.05) and kidney TC, TG and phospholipid (TC 
+4L2%, TG +45.5%, PL +41.8% p<0.05) compared to control (Table 30 and 31). The 
RBO blended soybean fed rats showed slightly increased levels of liver and kidney TC, TG 
and phospholipids as compared to respective control, but at the same time this group, when 
compared with RBO group showed a reduced level of liver and kidney lipids. 
6.3.4 EFFECT ON OTHER SERUM PARAMETERS 
The result of serum urea, creatinine, SGPT and SGOT in blended RBO groups are 
shown in Tables 32 and 33. In order to assess kidney function, serum urea and creatinine 
concentrations were determined. The RBO+CO (urea +89.1%, creatinine +104.5%) and 
RBO+MO groups (urea +83.1%, creatinine +89.6%) gave significantly higher levels 
(p<0.05) of urea and creatinine as compared to control group. The RBO+SO fed groups 
showed only small increase in the level of serum urea and creatinine compared to control, 
however a decreased level was observed when it was compared with RBO (Table 32). 
Monitoring of liver function was done by measuring SGOT and SGPT. Their high levels 
were observed in RBO+CO (SGOT +50.5%, SGPT +29.9%) and RBO+MO oils (SGOT 
+36.2%, SGPT +17%) compared to control animals. A small level increase in SGOT and 
SGPT values was also observed in RBO+SO (Table 33). 
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6.3.5 IN VITRO OXIDATION 
The polyphenol, extracted from RBO and RBO blended oils (as described on page 
43) was used to prevent oxidation of LDL and preventing carbonyi formation. In in vitro 
oxidation studies, the antioxidant activity of the polyphenol of RBO and blended RBO oils 
against copper induced LDL oxidation confirms the high potential of this oil in protecting 
LDL against oxidative stress induced by physiological oxidants. The polyphenol of 
RBO+SO was found to be more beneficial than the polyphenol of RBO+MO and 
RBO+CO in preventing the copper-induced oxidation of LDL as indicated by the low 
TBARS formation and reduced carbonyi formation (Figures 6-8). 
6.3.6 ANTIOXIDANT STATUS AND LIPID PEROXIDATION OF THE HEPATIC 
TISSUE 
Figures 9-12 summarize the activities of hepatic antioxidant enzymes. RBO 
blended coconut oil diet decreased the activities of SOD and GPx enzymes and it increased 
CAT activity compared to control. RBO blended mustard and soybean oil diets showed on 
increase in the activities of SOD and CAT enzymes, however it decreased the activity of 
GPx compared to control. RBO blended coconut oil group also showed an increase in lipid 
peroxidation (+91.9%) compared to the control and RBO group whereas RBO blended 
soybean and mustard oil experimental group gave an increase (+56.4%, +77.4%) in the 
lipid peroxidation, but less than that of RBO+CO group. The result indicates that RBO 
blended soybean oil is more effective not only in reducing the serum, liver and kidney 
lipids but it also increases the level of antioxidant enzymes to prevent lipid peroxidation. 
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Table 27: Weight gain after 12 weeks of feeding of RBO, RBO+CO, RBO+MO 
and RBO+SO on the body, liver and kidney weight. 
Groups 
Control 
RBO 
RBO+CO 
RBO+MO 
RBO+SO 
Weight gain 
(gm) 
167.0±5.2 
196.5±6.0 
214.0±6.64t" 
207.3±3.58t 
185.5±4.3t 
Liver weight 
(gm) 
6.40±0.48 
7.10±0.73 
8.6±0.76 
8.23±0.82 
7.52±0.55 
Kidney weight 
(gm) 
1.25±0.24 
1.43±0.36 
1.74±0.58 
1.68±0.45 
1.62±0.41 
Results are mean ± SEM of eight different animals. Statistical analysis was done by ANOVA, 
t p<0.05 as compared to control rats, •p<0.05 RBO blend oils as compared to RBO rats. 
RBO-Rice bran oil, CO-Coconut oil, MO-Mustard oil and SO-Soybean oil. 
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Table 28: Effect of RBO, RBO+CO, RBO+MO and RBO+SO on levels of 
serum total cholesterol, triglyceride and phospholipid 
Groups 
Control 
RBO 
RBO+CO 
RBO+MO 
RBO+SO 
Total cholesterol 
(mg/lOOml) 
79.4+2.14 
104.3+3.50 
(+30.9%) 
116+4.231" 
(+46.0%) 
102.1+4.891 
(+28.5%) 
92.2+5.30" 
(+16.1%) 
Triglyceride 
(mg/lOOmI) 
105+2.65 
128.2+3.82 
(+22%) 
150.3±3.37t" 
(+43.1%) 
133.4±6.75t" 
(27%) 
122.0±4.64t 
(+5.17%) 
Phospholipid 
(mg/lOOmI) 
126+3.25 
151.2+6.27t 
(+20%) 
156.1+3.52t 
(+23.8%) 
152.3+2.00t 
(+20.8%) 
141+3.73 
(+11.9%) 
Results are mean + SEM of eight different animals, Statistical analysis was done by 
ANOVA, t p<0.05 as compared to control rats, "p<0.05 RBO blend oils as compared to 
RBO rats. Values in parenthesis represent percent change from the respective control. 
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Table 29: Effect of RBO, RBO+CO, RBO+MO and RBO+SO on levels of 
serum HDL-C, LDL-C and cholesterol/phospholipid ratio. 
Groups HDL-CbolesteroI LDL-Cholesterol Cholesterol/ 
(mg/lOOml) (mg/lOOml) phospholipid ratio 
0.63 
0.68 
0.74 
0.67 
0.65 
Results are mean ± SEM of eight different animals, Statistical analysis was done by 
ANOVA, t p<0.05 as compared to control rats, "p<0.05 RBO blend oils as compared to 
RBO rats. Values in parenthesis represent percent change from the respective control. 
Control 
RBO 
RBO+CO 
RBO+MO 
RBO+SO 
35.2±1.35 
48.1±2.51t 
(+33.6%) 
37.0±3.02 " 
(+5.1%) 
40.3+2.30 
(+14.4%) 
44.5+1.98t 
(+26.7%) 
21.0+1.65 
30.6±1.86t 
(+45.7%) 
48.9±2.79t" 
(+132.7%) 
35.2+2.18" 
(+67.6%) 
27.6±2.00t 
(+31.4%) 
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Table 30: Effect of RBO, RBO+CO, RBO+MO and RBO+SO on levels of 
liver total cholesterol, triglyceride and phospholipid. 
Groups 
Control 
RBO 
RBO+CO 
RBO+MO 
RBO+SO 
Total cholesterol 
(mg/gm tissue) 
3.40±0.63 
3.63+0.78 
(+6.76%) 
4.96±0.95t" 
(+45.8%) 
4.41±0.86t" 
(+29.7%) 
3.49+0.72 
(+2.64%) 
Triglyceride 
(mg/gm tissue) 
1.65+0.33 
1.92+0.47 
(+16.3%) 
2.57±0.56t" 
(+55.7%) 
2.22±0.64t'' 
(+34.5%) 
1.84±0.54t 
(+11.5%) 
Phospholipid 
(mg/gm tissue) 
17.3+1.52 
19.0+1.95 
(+9.82%) 
26.1±2.04t' 
(+50.8%) 
21.2±2.27t 
(+22.5%) 
18.6+1.86t 
(+7.51%) 
Results are mean ± SEM of eight different animals, Statistical analysis was done by 
ANOVA, t p<0.05 as compared to control rats, ''p<0.05 RBO blend oils as compared to 
RBO rats. Values in parenthesis represent percent change from the respective control. 
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Table 31: Effect of RBO, RBO+CO, RBO+MO and RBO+SO on levels of 
kidney total cholesterol, triglyceride and phospholipid. 
Groups 
Control 
RBO 
RBO+CO 
RBO+MO 
RBO+SO 
Total cholesterol 
(mg/gm tissue) 
3.20±0.36 
3.81±0.45t 
(+19.0%) 
4.52±0.86 ' 
(+41.2%) 
4.13±0.77t" 
(+29.0%) 
3.55±0.60t 
(+10.9%) 
Triglyceride 
(mg/gm tissue) 
1.36+0.12 
1.62±0.32t 
(+19.1%) 
1.98±0.45t" 
(+45.5%) 
1.70+0.301" 
(+25%) 
1.51+0.26" 
(+11.0%) 
Phospholipid 
(mg/gm tissue) 
14.8+1.36 
16.1+1.77 
(+8.78%) 
21.0±1.56t" 
(+41.8%) 
17.8+1.23t 
(+20.2%) 
15.7+1.60 
(+6.08%) 
Results are mean ± SEM of eight different animals, Statistical analysis was done by 
ANOVA, t p<0.05 as compared to control rats, •p<0.05 RBO blend oils as compared to 
RBO rats. Values in parenthesis represent percent change from the respective control. 
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Table 32: Effect of RBO, RBO+CO, RBO+MO and RBO+SO on serum urea 
and creatinine levels. 
Groups Urea Creatinine 
(mg/lOO ml) (mg/100 ml) 
Control 8.30±0.74 0.87±0.068 
RBO 13.9±0.95t 1.50±0.084t 
(+67.4%) (+72.4%) 
RBO+CO 15.7±1.10t" 1.78±0.095t' 
(+89.1%) (+104.5%) 
RBO+MO 15.2±1.23t* 1.65±0.071t' 
(+83.1%) (+89.6%) 
RBO+SO 13.5±0.87t 1.46±0.055t 
(+45.1%) (+67.8%) 
Results are mean + SEM of eight different animals, Statistical analysis was done by 
ANOVA, t p<0.05 as compared to control rats, "p<0.05 RBO blend oils as compared to 
RBO rats. Values in parenthesis represent percent change from the respective control. 
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Table 33: Effect of RBO, RBO+CO, RBO+MO and RBO+SO on the level of 
SCOT and SGPT. 
Groups SCOT SGPT 
(Unit/liter) (Unit/liter) 
Control 27.3±1.82 45.7±1.50 
RBO 34.3±2.53 48.7±1.82 
(+25.6%) (+65.6%) 
RBO+CO 41.1±2.47t" 59.4±2.91t' 
(+50.5%) (+29.9%) 
RBO+MO 37.2±2.24t" 53.5±2.48t' 
(+36.2%) (+17.0%) 
RBO+SO 36.4+1.90t 51.3±2.60t 
(+33.3%) (+12.2%) 
Results are mean + SEM of eight different animals, Statistical analysis was done by 
ANOVA, t p<0.05 as compared to control rats, *p<0.05 RBO blend oils as compared to 
RBO rats. Values in parenthesis represent percent change from the respective control. 
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Figure 6: Total polyphenol from RBO, RBO+CO, RBO+MO and RBO+SO. 
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Total polyphenol content of RBO, RBO+CO, RBO+MO and BRO+SO values are mean of 
three estimations. 
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Figure?: Effect of polyphenol from RBO, RBO+CO, RBO+MO and 
RBO+SO on in vitro Cu^* induced LDL oxidation. 
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on in vitro Cii2+ induced LDL oxidation 
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Groups 
I-LDL, II-LDL+1.7 mM CUSO4, III-LDL+1.7 mM CuSO4+50ng RBO polyphenols, 
IV-LDL+1.7 mM CUSO4 +50ng RBO+CO polyphenols, V-LDL+1.7 mM CUSO4 +50ng 
RBO+MO polyphenols and VI-LDL+1.7 mM CUSO4 +50 ng RBO+SO polyphenols. 
Values are mean of three estimations. TBARS formation is measured as nmole MDA 
formed per mg protein. 
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Figures: Effect of polyphenol from RBO, RBO+CO, RBO+MO and 
RBO+SO in the inhibition of carbonyl formation during in vitro 
Cu^^ induced LDL oxidation. 
100 
B 
O 
S 50 -
'.e 
S? 
Effect of RBO, RBO+CO, RBO+MO and RBO+SO in inhibition 
of carbonyl formation during in vitro Cu2+ induced LDL 
oxidation 
T 
1 
•:>:'/f:-:>:>:'; 
T 
T 
RBO RBO+CO RBO+MO RBO+SO 
polyphenol fraction 
Effect of RBO, RBO+CO, RBO+MO and RBO+SO in inhibition of carbonyl formation 
.2+ during in vitro Cu induced LDL oxidation Values are mean of three estimations. 
16 
Chapter III 
Figure 9: Effect of RBO, RBO+CO, RBO+MO and RBO+SO on the levels of 
Superoxide dismutase in liver homogenate. 
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Results are mean + SEM of eight different animals, Statistical analysis was done by 
ANOVA, t p<0.05 as compared to control rats, *p<0.05 RBO blend oils as compared to 
RBO rats. Values in parenthesis represent percent change from the respective control. 
117 
Chapter III 
Figure 10: Effect of RBO, RBO+CO, RBO+MO and RBO+SO on the levels 
of catalase in liver homogenate. 
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Figure 11: Effect of RBO, RBO+CO, RBO+MO and RBO+SO on the levels 
of Glutathione peroxidase in liver homogenate. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, t p<0.05 as compared to control rats, "p<0.05 RBO blend oils as compared to 
RBO rats. Values in parenthesis represent percent change from the respective control. 
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Figure 12: Effect of RBO, RBO+CO, RBCHMO and RBQ+SO on the levels of lipid 
peroxidation in liver homogenate. 
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Results are mean + SEM of eight different animals, Statistical analysis was done by 
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6.4 DISCUSSION 
Dietary fat is one of the most important environmental factors associated with the 
cardiovascular diseases (Lusis, 2000). RBO is generally considered to be one of the good 
vegetable oil in terms of its cooking quality, shelf life and fatty acid composition (Sayre 
and Sunders, 1990), it is extensively used in Japan, Korea, China and to some extant in 
India. In the recent years, much attention has been focused on the study of rice bran oil for 
its cholesterol lowering, antioxidant activity. RBO is an excellent source of PUFA, which 
are helpful in lowering cardiovascular risks. The oryzanol present in rice bran oil is 
reported to have functions similar to vitamin E in promoting growth in the skin, blood 
circulation along with stimulating hormonal secretion (Rogers et al., 1993; Nagao et al., 
2001). Most et al., (2005) has reported significant levels of tocopherols, tocotrienols, P-
sistosterol and y-oryzanol in rice bran oil. 
Human consumption of rice bran oil has been limited, primarily because of the 
rapid onset of rancidity in this oil, but methods to stabilize rice bran and to extract its oil 
for bending have been developed. In the recent years leading to interest in extraction of 
RBO with the determination that the diet containing RBO blends to be used for lowering 
serum cholesterol. These studies were undertaken with the objective of promoting the use 
of RBO in edible oil blends to provide beneficial effects to health of mammals. In addition, 
we also determined whether the polyphenol fraction from RBO+SO has any beneficial 
effect over the polyphenol fraction isolated from three other oils in preventing the Cu^ "^  
induced LDL oxidation and carbonyl formation in vitro. 
Many studies have revealed that replacement of dietary saturated fatty acids by 
unsaturated fatty acids is a very effective way of lowering serum cholesterol. An intriguing 
hypothesis is that serum cholesterol is decreased because lipid esters containing PUFA 
require more space in lipoproteins and thereby sterically exclude cholesterol (An et al., 
1997). The cholesterol lowering effect of RBO was similar to that of com oil and safflower 
oil which have been considered as most effective, previously, implying that it is affected 
by factors other than fatty acid composition, especially to the polyphenols and 
unsaponifiable matter in case of RBO (Purushothama et al., 1995; Wilson et al., 2000). 
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Present study shows that RBO blends decreased TC, TG and phospholipid in serum and 
increased HDL-C with corresponding decrease in LDL-C to varying extent. This may be 
due to the differences in the composition of the three oils. Blends with RBO particularly 
the RBO+SO blend compared to RBO alone was very effective due to its higher 
polyphenol and vitamin E. The data is supported by other studies (Sharma and Rukmini, 
1987; Xuetal., 2001). 
The diet containing RBO blended (RBO+SO and RBO+MO) oils decreased the 
concentrations of lipid parameters as compared to RBO alone (Table 28 and 29). An 
explanation for the lower lipid levels in serum accompanying RBO blended feeding may 
be also due to the difference in relative rate of synthesis and catabolism of lipids. It is 
possible that the polyphenols, unsaponifiable components in RBO blended oils (RBO+CO, 
RBO+MO and RBO+SO) may be influencing the rate of synthesis and oxidation of fatty 
acids in the liver. The HDL-C concentrations were not decreased by the RBO blended oils 
compared to the control animals. The protective effect of HDL-C is most widely attributed 
to its key role in mediating the reverse cholesterol transport from peripheral tissues to the 
liver for reutilization (Eckarstein et al., 2002). SFA increases the HDL-C levels, which has 
been associated with increased lecithin cholesterol acyltransferase activity (Mensink and 
Katan, 1992). HDL-C also increases the inhibition of LDL oxidation, prevention of 
monocyte adhesion, and apoptosis (Nofer et al., 2002). 
The liver and kidney cholesterol values of the RBO+CO groups are high as 
compared to control groups. Hypertriglyceridemia was associated with an increased risk of 
CHD because of the increased production of atherogenic and lipogenic lipoproteins 
(Austin, 1991; Beegom and Singh, 1997). The results of this study show an increased level 
of phospholipid in the liver and kidney of the rats consuming RBO+CO when compared to 
control group. Recent researches suggest that saturated fat intake appears to be a risk factor 
for insulin resistance, which is important in the pathogenesis of type II diabetes mellitus 
and cardiovascular diseases (Amesen et al., 1993; Ringseis and Eder, 2004). 
In the present investigation, the activities of GOT and GPT in the serum of rats 
were significantly affected by blended oils. Liver is the most important organs in context 
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of the fatty acid metabolism. Damages to liver result in the release of the enzyme GOT and 
GPT (Wills, 1985). The RBO blended coconut oil showed an increase in the level of 
SGPT and SGOT. The data (Table 33) shows significant increase in the level of serum urea 
and creatinine in the coconut and mustard blended oil groups compared to control level. 
Where as for RBO blended soybean oil these parameters were not much different 
compared to RBO group. 
Oxidation of LDL lipids is a risk factor for atherosclerosis and CHD (Diaz et al., 
1997; Dillon et al., 2003). It is believed that lipid peroxidation is involved in the oxidative 
modification of low-density lipoprotein (Cominacini et al., 1991; Beaudeux et al., 1993). 
The antioxidative properties of the polyphenol fraction separated from RBO, RBO+CO, 
RBO+MO and RBO+SO on LDL oxidation (as measured by the production of TBARS) 
showed that the polyphenol fraction from RBO+SO has a significant advantage over other 
RBO blended oils in preventing the oxidation of LDL. Several studies have revealed the 
antioxidant activity of polyphenolic substances in oxidation of LDL (Frankel et al., 1993; 
Covas et al., 2000; Andrikopoulos et al., 2002). These polyphenolic compounds might trap 
reactive oxygen species in aqueous components such as serum and interstitial fluid of the 
arterial wall thereby inhibiting LDL oxidation and showing anti-atherogenic activity 
(Tebib et al., 1994a). These compounds are capable of reversing cholesterol transport and 
reducing intestinal absorption of cholesterol (Tebib et al., 1994b). Another oxidative 
modification of LDL is carbonyl formation. Increase in the formation of carbonyl residues 
is due to the modification of the protein part of LDL (Teresa et al., 2002). The property of 
preventing carbonyl formation of LDL by RBO+SO may be due to the highly active 
polyphenols fraction, the presence of tocopherols and especially unsaponifiable matter in 
this oil. 
Cellular antioxidant defence systems such as SOD, CAT and GPx as well as food 
derived antioxidant such as a-tocopherol and P-carotene are considered to play a 
significant role in quenching reactive oxygen species (ROS) thereby displaying a 
modulatory role in many of the diseased conditions (Halliwell et al., 1990). The activity of 
CAT, and SOD were increased in the RBO blended oils treated rats as compared to control 
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group. Increase in CAT activity may probably be due to increased formation of H2O2. The 
results are in agreement with the findings of Narasimhamurthy and Raina (1999). As has 
been mentioned earlier CAT and GPx have been credited with the ability to detoxify 
peroxides and hydroperoxides and prevent lipid peroxidation (Young and Woodside, 
2001). It is further reported that lipid peroxidation products like endoperoxides, epoxides 
and others do not act as substrates for GPx (Flohe, 1982). Hydroperoxides formed by the 
reaction of SOD are subsequently reduced either by CAT or GPx. Yamazaki et al., (1987) 
have reported increased activity of liver enzymes, CAT and GSH in safPlower oil fed 
animals. Soybean oil containing high levels of a-tocopherol and linoleic fatty acid 
compared to mustard and coconut oil may be one of the reasons for decrease in lipid 
peroxidation in case of RBCH-SO blend. 
It can be suggested that RBO blends should be considered for edible purposes 
which may confer some benefits in spite of the unsaponifiable matter. The blends of RBO 
with these oils not only bring about a favourable circulating lipid profile, but may also 
result in an economic advantage of lower prices, as RBO is cheaper oil than coconut, 
mustard and soybean oils in the current retail market in India. The present study suggests 
RBO+SO blend with its high polyphenol content was able to maintain the normal levels of 
lipid profiles. RBO, which contains these compounds, could become an important 
functional food with cardiovascular health benefits. The antioxidant activity of the 
polyphenol of RBO+SO against copper induced LDL oxidation confirms the high potential 
of this oil in protecting LDL against oxidative stress induced by physiological oxidants. 
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Chapter IV(A) 
7.0 P A R T A: Effect of rice bran oil on the hepatic antioxidant defence 
system in hypercholesterolemic rats 
7.1 EFFECT OF RICE BRAN OIL IN HYPERCHOLESTEROLEMIC RATS 
Cholesterol feeding has been used to elevate serum or tissue cholesterol levels to 
study the etiology of hypercholesterolemia related metabolic disturbances and the main 
risk factors in the genesis of atherosclerosis. In hypercholesterolemia, the cholesterol 
content of erythrocytes, platelets, polymorphonuclear leucocytes and endothelial cells 
increases (Bocan, 1998). This increase is reported to activate these cells and cause 
enhanced production of oxygen free radicals (Prasad and Kalra 1989; Kok et al., 1991). 
Dietary fat is one of the most important environmental factors associated with the 
cardiovascular diseases (Lusis, 2000). In the present years, much attention has been 
focused on the study of rice bran oil for its cholesterol lowering, antioxidant and anti 
atherogenic activity. The RBO contains unsaponifiable fraction, which includes tocols 
(tocopherols and tocotrienols), P-sistosterol and y-oryzanol along with the unsaturated fatty 
acids, these factors are largely responsible for its cholesterol lowering properties (Sugano 
and Tsuji, 1997; Nagao et al., 2001; Most et al., 2005). The present findings show that a 
diet rich in RBO reduces liver oxidative stress not only by decreasing lipid peroxidation, 
but also by enhancing the antioxidant defence system. 
7.2 EXPERIMENTAL DESIGN 
The rats were divided into four groups comprising of eight animals in each group as 
follows: 
Group 1: animals (control) were fed a commercial standard diet. 
Group 2: animals received high cholesterol diet (HC) (5% hydrogenated fat, 0.5% cholic 
acid and 1% cholesterol mixed thoroughly with the powdered chow). 
Group 3: animals were given the standard diet enriched with 10% rice bran oil (RBO). 
Group 4: animals received high cholesterol diet enriched with 10% RBO (HC+RBO). 
After 6 weeks rats were sacrificed and blood was collected. Then serum and tissues 
(kidney and liver) were analyzed for various parameters. 
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7.3 RESULTS 
The following results were obtained in the study. 
7.3.1 WEIGHT GAIN 
The average daily food intake of rats was 15.5 gm per rat during the whole feeding 
period for all dietary treatment groups. The body weights of different rat groups in the 
beginning and after the completion of experiments were measured (Table 34). Rats did not 
show any profound changes in the total body weight as well as in weight of the kidney and 
liver in all treatment groups. 
7 J.2 ESTIMATION OF SERUM, LIVER AND KIDNEY LIPIDS 
The data of serum lipids is shown in Table 35 and 36. The HC group showed 
significantly higher levels of serum TC (p<0.05), LDL-C, TG (p<0.05), PL (p< 0.05) and 
C/P ratio (1.05) compared to control. The RBO and HC+RBO treated rats showed reduced 
levels of serum TC, TG and PL. However the effect was more pronounced in HC+RBO 
group. Table 37 and 38 shows the significantly higher (p<0.05) levels of these parameters 
in tissues, liver and kidney compared to control, in contrast the RBO and HC+RBO groups 
showed a lesser increase in the levels of liver TC, TG and phospholipid. 
7.3.3 EFFECT ON OTHER SERUM PARAMETERS 
Hypercholesterolemia led to an increase in the levels of urea, creatinine, SGOT and 
SGPT. Results in the Table 39 and 40 show that urea and creatinine levels were 
significantly (p<0.05) elevated in HC group. However rats when given the same diet mixed 
with RBO showed reduced levels of urea, creatinine, SGOT and SGPT. The HC+RBO 
group also showed reduced levels of serum urea, creatinine, SGOT and SGPT indicating 
that RBO is beneficial for kidney and liver of hypercholesterolemic rats. 
7.3.4 ANTIOXIDANT ENZYMES AND LIPID PEROXIDATION OT THE LIVER 
HOMOGENATE 
The results of RBO and HC+RBO treatment on hepatic antioxidant enzymes are 
shown in Figures 13-15. HC diet affected almost all of the antioxidant enzymes examined 
in the experimental animals, it gave a decreased SOD, CAT and GPx activities compared 
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to control (Figures 13-15). However RBO and HC+RBO consumption gave SOD, CAT 
and GPx activities less different from control values. 
The experimental hypercholesterolemia provoked significant increase in the lipid 
peroxidation of liver. Treatment of hypercholesterolemic rats with the diet enriched with 
RBO resulted in a significant decrease in lipid peroxidation. The results indicate that 
although RBO alone is more effective in reducing the serum and liver lipids as well as 
antioxidant enzymes, however, when taken in combination with HC, also it reduces the 
levels of all these parameters although to a lesser extent as compared to RBO alone (Figure 
16). 
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Table 34: Weight gain after 6 weeks feeding of HC, RBO and HC+RBO in 
body, kidney and liver weights. 
Groups Weight gain Liver weight Kidney weight 
(gm) (gm) (gm) 
Control 154.9±3.6 8.10±0.98 2.10±0.36 
HC 178.7±2.14t 8.84±0.56 2.31±0.42 
RBO 182.5±2.83t 9.26±0.64t 2.64±0.51 
HC+RBO 179.6±4.52 9.07±0.86 2.48±0.63 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
analysis of variance (ANOVA), tp<0.05 as compared to control rats. 
HC-High cholesterol diet, RBO-Rice bran oil diet and HC+RBO- High cholesterol with 
rice bran oil diet. 
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Table 35: Effect of HC, RBO and HC+RBO on the levels of serum total 
cholesterol, triglyceride and phospholipid. 
Groups 
Control 
HC 
RBO 
HC+RBO 
Total cholesterol 
(mg/lOOml). 
72.4±1.73 
217.0±4.35t 
(+199.7%) 
111.5+28.4 
(+54.0%) 
164.1±12.5t 
(+126.5%) 
Triglyceride 
(mg/lOOmI). 
95.3+2.40 
182.0±2.88t 
(+90%) 
123.3 ±2.19t 
(+29) 
142.6+2.681 
(+40%) 
Phospholipid 
(mg/IOOml). 
98.3+2.55 
205.6+5.971 
(+109.1%) 
136.2+2.58 
(+38%) 
175.2±3.00t 
(+78%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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Table 36: Effect of HC, RBO and HC+RBO on the levels of serum HDL-C, LDL-C 
and cholesterol/ phospholipid ratio. 
Groups 
Control 
HC 
RBO 
HC+RBO 
HDL-CholesteroI 
(mg/lOOml). 
29.1±1.13 
83.2±2.58t 
(+185.9%) 
51.2±1.81t 
(+ 75.9%) 
71.2±2.51t 
(+144.6%) 
LDL-Cholesterol 
(tng/lOOmi). 
24.4±0.98 
97.4±2.50t 
(+ 299%) 
35.6+1.65 
(+ 45.9%) 
79.1±2.24t 
(+ 224%) 
Cholesterol / 
phospholipid 
ratio 
0.73 
1.05 
0.81 
0.93 
Results are mean + SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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Table 37: Effect of HC, RBO and HC+RBO on the levels of liver total 
cholesterol, triglyceride and phospholipid. 
Groups 
Control 
HC 
RBO 
HC+RBO 
Total cholesterol 
(mg/gm tissue) 
3.20±0.51 
6.36±1.10t 
(+98.7%) 
3.48+0.77 
(+8.7%) 
4.57±0.95t 
(+42.8%) 
Triglyceride 
(mg/gm tissue) 
1.21+0.88 
4.83+1.20t 
(+299%) 
1.86+0.83 
(+53.7%) 
3.26+0.54 
(+169%) 
Phospholipid 
(mg/gm tissue) 
16.5+0.96 
24..4+0.43t 
(+47.8%) 
19.5+1.22 
(+18.1%) 
21.3+1.81t 
(+29.0%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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Table 38: Effect of HC, RBO and HC+RBO on the levels of kidney total 
cholesterol, triglyceride and phospholipid. 
Groups 
Control 
HC 
RBO 
HC+RBO 
Total cholesterol 
(mg/gm tissue) 
3.54±0.60 
7.93±0.94t 
(+124%) 
3.76+0.46 
(+6.2%) 
4.24±0.78t 
(+ 19.7%) 
Triglyceride 
(mg/gm tissue) 
1.47+0.86 
4.08±0.62t 
(+177%) 
1.80+0.55 
(+22.4%) 
3.10±0.9t 
(+110%) 
Phospholipid 
(mg/gm tissue) 
14.4+0.63 
20.3±0.97t 
(+40%) 
16.6+0.46 
(+15.2%) 
19.4±1.36t 
(+34.7%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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Table 39: Effect of HC, RBO and HC+RBO on the levels of serum urea and 
creatinine. 
Groups Urea 
(mg/100 ml) 
10.4±0.60 
22.2±0.94t 
(+111.3%) 
12.1±0.46 
(+16.3%) 
17.9±0.78t 
(+72.1%) 
Creatinine 
(mg/100 ml) 
0.851±0.82 
1.86±0.62t 
(+118.5%) 
1.12+0.55 
(+31.2%) 
1.42±0.9t 
(+66.8%) 
Control 
HC 
RBO 
HC+RBO 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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Table 40: Effect of HC, RBO and HC+RBO on the levels of SCOT and SGPT. 
Groups SCOT SGPT 
(Unit/liter) (Unit/liter) 
Control 30.8±0.60 41.1±0.86 
HC 65.6±0.94t 72.4±0.62t 
(+112.9%) (+76.0%) 
RBO 37.1±0.46 49.3±0.55t 
(+20.4%) (+19.9%) 
HC+RBO 51.8±0.78 57.2±0.9t 
(+68.1%) (+39.1%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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Figure 13: Effect of HC, RBO and HC+RBO on the level of Superoxide 
dismutase in liver homogenate. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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Figure 14: Effect of HC, RBO and HC+RBO on the level of Catalase in liver 
homogenate. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0-05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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Figure 15: Effect of HC, RBO and HC+RBO on the level of Glutathione 
peroxidase in liver homogenate. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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Figure 16: Effect of HC, RBO and HC+RBO on the level of Lipid 
peroxidation in liver homogenate. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 as compared to control rats. Values in parenthesis represent percent 
change from the respective control. 
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7.4 DISCUSSION 
The changes in the serum lipid profile indicate that RBO consumption in co-
administration with HC diet reduces hypercholesterolemia (Tables 34-37). Purushothama 
et al. (1995) showed that in rats, RBO increases HDL cholesterol, supporting the finding in 
the present experimental study. The cholesterol lowering effect of RBO was no less than 
other edible oils implying that factors other than fatty acid composition, especially the 
polyphenols and unsaponifiable matter in the case of RBO are also playing important role. 
Feeding of high cholesterol diet produced severe hypercholesterolemia and 
vascular atherosclerotic lesions as well as an increased oxidative stress in several tissues. 
The results show that a diet having high cholesterol (HC) can lead to changes in the 
oxidative system in liver tissue of rats. These changes were manifested mainly as an 
increase in lipid peroxidation capacity and a decrease in the antioxidant defence system. 
The results are supported by others De La Cruz, (2000), Balkan et al. (2002), Balkan et al. 
(2004). It has been thought that oxidative stress is one of the causative factors that link 
hypercholesterolemia with the pathogenesis of atherosclerosis (Young and McEnergy, 
2001). It is known that, oxidative stress results from an imbalance between the production 
of free radicals and their antioxidant system. The present study shows that dietary 
supplementation with rice bran oil reduces oxidative stress as is evident by reduced lipid 
peroxidation and strengthening of liver antioxidant defence system. The activities of GOT 
and GPT in the serum of rats were significantly affected by HC diet. Damages to liver 
result in the release of the enzyme GOT and GPT (Wills, 1985). The RBO showed 
decrease in the level of SGPT and SGOT. The data (Table 39) shows significant decrease 
in the level of serum urea and creatinine in the RBO compared to control level. 
Results show that peroxidative capacity of liver tissue is enhanced in animals fed 
with a high cholesterol diet which is compatible with the results reported by others (Ohara, 
1993). These earlier studies postulated that an increase in the production of free radicals 
might have consequences in hyperlipidemia. The results reported here are also in 
accordance with the oxidative hypothesis of atherosclerosis (Kaplowitz and Tsukamoto, 
1996), according to which superoxide anions lead to the oxidation of LDL, and the 
increased tissue oxidative stress leads to cell damage. 
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Lipid peroxidation may increase the production of platelet thromboxane and reduce 
that of vascular prostacyclin (Warso and Land, 1983), this may favours thrombotic 
processes in hyperiipidemia. The administration of diets enriched with oils containing n-3 
and n-6 fatty acids was shown to reduce the capacity of brain and liver tissues to produce 
lipid peroxides (L'Abbe et al., 1991; De La Cruz et al., 2000). Clement and Bourre (1990) 
postulated that this effect of n-3 fatty acid derivatives may result from enhanced 
antioxidative defence mechanisms in the brain. Our findings in animals treated with RBO 
which is rich in PUFA, are compatible with these results, showing that when liver 
oxidative stress increases, RBO decreases the lipid peroxidation and augments its 
antioxidant defence system. Similar effect was observed when RBO was given in co-
administration with HC diet. 
The results confirm that enzymatic antioxidant defence system was altered as is 
demonstrated by the low GPx and SOD activities in the hypercholesterolemia group 
compared with the control group (Figures 13 and 15). These results are in agreement with 
other studies (Clement and Bourre, 1990; De La Cruz, 2000). Conversely, the increase in 
CAT and the decrease in SOD activities disagree with other published reports. Irizar and 
loannides, (1998) found that feeding rabbits with cholesterol did not change CAT and SOD 
activity. The contradictory results could be explained on the basis of the presence of 
saturated fatty acids together with cholesterol in the high cholesterolemic diet. Further, the 
presence of other saturated fatty acids has been shown to increase CAT mRNA and it 
decreases SOD mRNA in animals that developed pathologic liver injury (Nanji et al., 
1995). Current evidence indicates that the damaging effects of oxygen free radicals are 
associated in different tissues with an elevation of antioxidant enzymes activity (Ceriello et 
al., 1996). 
Overall the results demonstrate that intake of cholesterol and diets enriched with 
SFA induce hypercholesterolemia in rats, and it also leads to a high impairment of the 
hepatic antioxidant defence system. These changes were mainly manifested by a decrease 
in the level of antioxidant defence enzymes and tocopherol, involved in the protection of 
lipid peroxidation. It has been shown that vitamin E is the first antioxidant compound used 
under pro-oxidative conditions (Matarix, 1998). The administration of RBO in the diet 
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allowed a recovery of the antioxidant enzymes in the liver. Some studies have 
demonstrated that hyperlipidemic rabbits treated with primrose and olive oil showed 
similar increase of GPx and glutathione transferase activities (De La Cruz et al., 1999; De 
La Cruz et al,, 2000). In our study we have found better recovery of GPx activity in RBO 
group. Cellular antioxidant defence systems like SOD, CAT and GPx as well as food 
derived antioxidants such as a-tocopherol and p-carotene are considered to play a 
significant role in quenching reactive oxygen species thereby displaying a modulatory role 
in many of the diseased conditions. The present experimental study supports that 
unsaponifiable (phenolic) compounds present in RBO may increase the antioxidant 
capacity under high oxidative stress situations. Recently, it has been demonstrated that 
considerable antioxidant capacity of olive oil in rabbit liver mitochondria and the important 
role it plays in the overall antioxidant benefits is attributed to the unsaponifiable, phenolic 
fraction of this oil (Ochoa-Herrera et al., 2001; Ochoa et al., 2002). 
The groups with RBO alone showed a decrease in TC, TG and phospholipid in 
serum and increase in HDL-C with corresponding decrease in LDL-C. This may also be 
due to high polyphenol content of RBO and one of its major constituents tocopherol, the 
results are supported by Cicero and Gaddi, 2001; Most et al., 2005. The apparent protective 
effect of RBO oil in the development and progression of hypercholesterolemic 
(atherosclerotic) lesions may not only to be due its fatty acid composition but also due to 
the high content of antioxidants present in the unsaponifiable matter, which inhibit the 
formation of oxygen reactive species in a concentration dependent manner and that may be 
helpful in controlling the cardiovascular diseases. 
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7 . 0 P A R T B : Effect of rice bran oil and groundnut oil on iron 
induced hepatotoxicity in rats. 
7.5 GENERAL 
Iron is essential for maintaining proper cell functions, its metabolism normally 
controlled by transport and storage proteins. Iron overload, however, may lead to 
deleterious reactions such as degradation of proteins, nucleic acids, peroxidation of PUFA 
(Ibrahim et al., 1997), impaired cardiac function and diabetes mellitus (Niederen et al., 
1985). Although the mechanism by which iron is involved in initiating or promoting 
oxidative damage is not entirely clear however it is capable of catalyzing the 
transformation of hydrogen peroxide to the highly reactive hydroxyl radical via the Haber-
Weiss reaction. In addition, iron can catalyze the decomposition of lipid hydroperoxides to 
alkoxyl, peroxyl and other radicles (Halliwell and Gutteridge, 1992). One of the 
mechanism by which iron induces the toxicity is by increasing oxidative stress and lipid 
peroxidation. In experimental animals iron overload conditions can be obtained by 
injection of iron salt intraperitonially (Dillard et al., 1984). 
Rice bran oil is a good source of edible oil. This effect can be attributed to the 
presence of specific components present in RBO that is y-oryzanol and perhaps 
tocotrienols (Nicolosi et al., 1991; Cicero and Gaddi, 2001; Most et al., 2005; Minhajuddin 
et al., 2005). The components provide oxidative stability to RBO and improve its shelf life, 
as compared to other edible oils (Sharma and Rukmini, 1987). However there are no 
studies dealing with the effects of rice bran oil on iron induced toxicity in rats. The fatty 
acid content of groundnut (GNO) and RBO are similar so we selected GNO as well as 
RBO for the study. The present study was to evaluate the protective role of dietary fats 
(GNO and RBO) against iron induced hepatotoxicity. 
7.6 EXPERIMENTAL DESIGN 
The rats were divided into two groups comprising of sixteen animals in each group 
as follows: 
Group 1: animals were given the commercial standard diet enriched with 10% GNO. 
Group 2: animals were given the commercial standard diet enriched with 10% RBO. 
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At the end of the experimental period of 6 weeks, one hour before sacrifice, one half of the 
animals in each group (eight animals) were injected intraperitonially FeS04 (dissolved in 
saline at 30 mg/ kg body weight dosage) to induce in vivo peroxidation as per procedure of 
Hu et al., (1990) remaining eight animals in each group received normal saline at 
appropriate dosage and were treated as control. 
7.7 RESULTS 
In the present study, the RBO and GNO are investigated for their protective role in 
iron induced toxic conditions and the following results were obtained: 
7.7.1 BODY WEIGHT 
There was no significant difference in the total body weight gain of rats over a 6-
week period with RBO and GNO (214.6±10.7 gm for RBO fed groups and 210.5±I2.3 for 
GNO fed group, Values are mean ± SEM for 16 rats). RBO and GNO administration did 
not bring any profound changes in the liver weight of the two oil groups (result not 
shown). 
7.7.2 EFFECT ON SERUM PARAMETERS 
Activities of SGOT, SGPT, LDH and AlP were determined and the results are 
presented in Figures 17-20. RBO and GNO treatment resulted in significant lowering of 
increased SGOT (Figure-17) and SGPT (Figure-18) levels in hepatotoxic rats. Compared 
to GNO, however the effect was better in RBO group. The levels of other serum 
parameters like LDH (Figure-19) and AIP (Figure-20) are decreased (-65.6%, -38.3%) with 
the use of RBO. Overall magnitude of impaired liver function is reflected by increased 
level of SGOT, SGPT, LDH and AIP in the serum of iron treated rats. Results indicate that 
the level of these serum enzymes were lower in RBO as compared to GNO with iron fed 
group, indicating the lesser damage to liver upon RBO feeing. 
7.7.3 EFFECTS ON ANTIOXIDANT ENZYMES AND LIPID PEROXIDATION IN 
LIVER 
The injection of iron increases the antioxidant enzymes level in liver. 
Administration of rice bran oil resulted in a significant decrease in the levels of CAT 
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(Figure-21), SOD (Figure-22) and GPx (Figure-23) as compared to RBO with iron treated 
group. Feeding of groundnut oil alone also significantly decreased the levels of CAT, SOD 
and GPx as compared to GNO with iron treated group of rats. These studies indicated that 
RBO in the diet lowers the lipid peroxidation by maintaining enhanced activities of 
antioxidant enzymes and also protecting the liver damage caused by iron to some extent. 
LPO (Figure 24) values in liver homogenate were slightly altered on iron injection. In 
animals fed with rice bran oil the increase in LPO was significantly less as compared to 
groundnut oil fed group. 
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Figure 17: Effect of rice bran oil and groundnut oil on SGOT enzyme in rats 
injected with saline or iron. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 dietary oil group as compared to control (iron induced dietary oil group) 
rats. 
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Figure 18: Effect of rice bran oil and groundnut oil on SGPT enzyme in rats 
injected with saline or iron. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 dietary oil group as compared to control (iron induced dietary oil group) 
rats. 
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Figure 19: Effect of rice bran oil and groundnut oil on Lactate dehydrogenase 
enzyme in rats injected with saline or iron. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 dietary oil group as compared to control (iron induced dietary oil group) 
rats. 
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Figure 20: Effect of rice bran oil and groundnut oil on Alkaline phosphatase 
enzyme in rats injected with saline or iron. 
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Results are mean + SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 dietary oil group as compared to control (iron induced dietary oil group) 
rats. 
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Figure 21: Effect of rice bran oil and groundnut oil on Catalase enzyme in 
liver homogenate of rats injected with saline or iron. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 dietary oil group as compared to control (iron induced dietary oil group) 
rats. 
149 
Chapter IV(B) 
Figure 22: Effect of rice bran oil and groundnut oil on Superoxide dismutase 
enzyme in liver homogenate of rats injected with saline or iron. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 dietary oil group as compared to control (iron induced dietary oil group) 
rats. 
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Figure 23: Effect of rice bran oil and groundnut oil on Glutathione peroxidase 
enzyme in liver homogenate of rats injected with saline or iron. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 dietary oil group as compared to control (iron induced dietary oil group) 
rats. 
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Figure 24: Effect of rice bran oil and groundnut oil on Lipid peroxidation in 
liver homogenate of rats injected with saline or iron. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 dietary oil group as compared to control (iron induced dietary oil group) 
rats. 
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7.8 DISCUSSION 
Iron is one of the important metals associated with proteins, cytochromes, 
haemoglobin, methaemoglobin, and other enzymes in the body. Iron is essential for 
maintaining proper cell function. However iron overload has been thought to cause various 
harmful reactions such as degradation of proteins, nucleic acids, peroxidation of 
polyunsaturated fatty acids (Ibrahim et al., 1997), impaired cardiac function, diabetes 
mellitus and endocrinopathies (Niederen et al., 1985). Hepatotoxlcity is the most common 
pathophysiologic condition manifested in patients with iron overloading. This is due to the 
massive deposition of iron in hepatic parenchymal cells which eventually produces fibrosis 
and ultimately results in cirrhosis (Weintraub et al., 1985). Excess iron produces toxic 
effects resulting in health problems due to lack of excretion of this excess by the body. 
Liver, heart, pancreas and other organs are damaged severely due to iron overloading 
(Bristton et al., 1987). In experimental animals iron overload conditions can be obtained by 
injection of iron salt intraperitonially (Dillard et al., 1984). One of the mechanism by 
which iron induces the toxicity is by increasing oxidative stress and lipid peroxidation. 
Liver is a key organ actively involved in numerous metabolic and detoxifying functions. 
The organ is of paramount significance since it is also concerned with many other 
functions and detoxification of many drugs and chemicals, some of which are toxic to 
mammalian systems. Therefore an investigation into the reversal of hepatotoxlcity induced 
by excess iron becomes important. Rice bran is good nutritious food for humans (Most et 
al., 2005). However there are no studies on the effect of RBO dealing with iron induced 
toxicity and the recovery of the antioxidant defence system in rats. 
The increase in the levels of serum GOT, GPT, LDH and AlP suggest that hepatic 
damage has occurred due to iron (in RBO with iron group) thereby affecting the 
detoxification processes. The liver cirrhosis may be responsible for the increase in SCOT 
and SGPT as well as LDH (Parolo and Rabino, 2001). Rice bran oil and GNO resulted in a 
significant decrease in hepatotoxlcity, as the levels of SGPT, SGOT, LDH and AlP 
(Figures 17-20) decreased as compared to RBO and GNO with iron treatment group. Rice 
bran oil gave better result than groundnut oil. Data also indicated prevention of leakage of 
these enzymes from liver to serum. 
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Oxidative stress in liver is related solely to changes in hepatic blood flow leading to 
liver damage. Recently it has been implicated in the development of both clinical and 
experimental liver fibrosis (Parolo and Rabino, 2001; Poll, 2001). Formation of oxidative 
stress related molecules, increased lipid peroxidation with decreased activities of free 
radical scavenging enzymes, it modulates tissue and cellular events responsible for chronic 
liver injury. Studies have demonstrated that feeding of oxidized oils to rats results in 
changes in membrane bound enzymes (Hayam et al., 1993) and the role of antioxidant 
enzymes in regulating lipid peroxidation is well established (Allen and Venkatraj, 1992). 
Enhanced activity of these enzymes varied depending upon the type of dietary lipid fed to 
the animals. The role of the antioxidant defence system which includes SOD, CAT and 
GPx is well characterized in the liver and constitutes a major cell protection against acute 
oxygen and xenobiotic toxicity (Kaplowitz and Tsukamoto, 1996; Lieber, 1997). The 
effect of RBO and GNO on the activities of the antioxidant enzymes SOD, CAT and GPx 
measured in liver, were found to be significantly higher in rats fed with these oils. Lipid 
peroxidation is viewed as a complicated biochemical reaction involving free radicals, 
oxygen and metal ions in the biological system (Jadhav et al., 1996). Involvement of iron 
in lipid peroxidation both in vivo and in vitro has been well demonstrated (Halliwell, 
1994). Since lipids constitute nearly 60% of the components in biomembranes, any major 
perturbation is bound to affect structure and function of the cell. FeS04 injection 
significant increased lipid peroxidation in liver homogenate of rats, but RBO and GNO did 
not show significantly difference in lipid peroxidation indicating the importance of iron in 
the induction of lipid peroxidation (Hu et al., 1990). Rice bran oil group significant 
decreased the LPO as compared to iron induced group. Groundnut oil also lowered LPO 
value. Dietary supplementation with RBO reduced lipid peroxidation. 
The injection of iron enhanced the levels of antioxidant enzymes which is in 
agreement with results reported by others (Pulla Reddy and Lokesh, 1994; Vidya Shankar 
et a!., 2003). SOD, CAT and GPx, and food derived antioxidants such as a-tocopherol and 
P-carotene are considered to play a significant role in quenching reactive oxygen species 
thereby displaying a modulatory role in many of the diseased conditions (De La Cruz et al., 
1999). The beneficial effect of RBO in the study is attributed to the presence of specific 
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components like y-oryzanol and perhaps tocotrienols (Cicero and Gaddi, 2001; Rukmini 
andRaghuram, 1991). 
The results suggested that incorporation of RBO in the diet at the level of 10% can 
successfully withstand lipid peroxidation and also enhance the activities of different 
antioxidant enzymes. The synergistic effect of all the antioxidant components present in 
RBO played a key role in modulating oxidative stress. 
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8.1 GENERAL 
Diabetes is the world's fast growing metabolic disorder. It is a chronic disease that 
cannot be completely cured and may develop complications if not properly regulated. 
Dietary advice is the basis of all treatment for diabetes mellitus. The main aim of the diet 
regulation is to normalize the derangements in intermediary metabolism in patients with 
diabetes mellitus such as hyperglycemia and lipidemia. Another objective of diet therapy is 
to prevent long term complications of diabetes mellitus such as atherosclerosis, 
nephropathy, retinopathy, neuropathy and microvascular damage to the cerebral artery 
(Collier and Sinclair, 1993; Pradeepa et al., 2002; Ravi et al., 2005). 
The study was conducted to evaluate the effect of coconut oil, mustard oil and 
soybean oil on streptozotocin (STZ) induced diabetic rats. The aim was to find out which 
one of these dietary oils is best in diabetes. 
8.2 INDUCTION OF DIABETES 
The animals were fasted overnight and diabetes was induced by a single 
intraperitonial injection of a freshly prepared dose of STZ (55 mg/kg body weight of rats) 
in 0.1 M citrate buffer (pH 4.5) (Sekar et al., 1990). The animals were allowed to drink 5% 
glucose solution overnight to overcome the drug-induced hypoglycemia. Control rats were 
injected with citrate buffer alone. The animals were considered diabetic, when their blood 
glucose value was raised above 250 mg/dl on the second day of STZ injection. 
8.3 EXPERIMENTAL DESIGN 
All treatments were started 48 hours after STZ injection. The rats were divided into 
six groups comprising of eight animals in each group as follows: 
Group 1: Control rats given diet enriched with 10% coconut oil. 
Group 2: Diabetic rats treated with coconut oil (10%) mixed with the diet. 
Group 3: Control rats given standard diet enriched with 10% mustard oil. 
Group 4: Diabetic rats treated with mustard oil (10%) mixed with the diet. 
Group 5: Control rats given standard diet enriched (10%) soybean oil. 
Group 6: Diabetic rats treated with soybean oil (10%) mixed with the diet. 
After 6 weeks rats were sacrificed and blood was collected. Then serum and tissues 
(kidney and liver) were analyzed for various parameters. 
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8.4 RESULTS 
The following results were obtained in the study to evaluate the effect of above 
mentioned edible oils on STZ induced diabetic rats. 
8.4.1 BODY AND ORGAN WEIGHTS 
All diabetic animals consumed same amount of diet 15 gm/day/rat and received 10% 
oil in the diet. The final body weight gain of different treatment groups of animals is given 
in Table 41. The data shows that final body weight and the organ (kidney and liver) weight 
gain of the rats were significantly affected by the type of dietary fat. Rats fed with coconut 
oil had significantly higher final body and organ weight than rats fed with soybean oil. 
8.4.2 EFFECT OF BLOOD GLUCOSE 
A significant increase (p<0.05) in the level of blood glucose was observed for all 
the three oils in diabetic rats as compared to control rats. Soybean and mustard oil diabetic 
rats significantly reduced the level of blood glucose as compared to coconut oil (Figure 
25). 
8.4.3 EFFECT OF SERUM LIPID PROFILE 
Determination of lipid parameters in the serum of diabetic rats is shown in Table 42 
and 43. Dietary oils affected the concentrations of lipid profile. It tended to be higher in 
diabetic rats which were fed on coconut oil diet as compared to that of control and other 
two oils. The diabetic coconut oil group showed significantly higher levels of serum TC, 
LDL-C, TG and PL (p<0.05 all parameters). However the soybean and mustard diabetic 
rats showed slightly increased levels of serum TC, TG and PL as compare to respective 
controls. 
8.4.4 EFFECT OF DIETARY OILS ON TISSUE PARAMETERS 
The diabetic coconut oil group showed significantly higher levels of liver and 
kidney TC, TG and phospholipids (Table 44 and 45) whereas, the soybean and mustard 
diabetic rats showed significantly reduced levels of these parameters as compared to 
respective controls. The administration of diabetic rats with soybean reduced the serum, 
liver and kidney lipid levels particularly LDL-C level and increased HDL-C in serum. 
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8.4.5 EFFECT ON OTHER SERUM PARAMETERS 
Diabetic rat's t-iatment with dietary oils led to an increase in the level of urea and 
creatinine (Table 46). However urea and creatinine levels were significantly elevated in 
coconut diabetic groups. Rats fed with PUFA (soybean oil) diets showed lower levels of 
urea and creatinine. SGOT and SGPT levels act as an indicator of liver function. It was 
seen that their levels were increased in diabetic coconut group compared to control. The 
soybean and mustard groups showed a significant decrease in the levels of SGOT and 
SGPT (Table 47). 
8.4.6. ANTIOXTOAIST STATUS AND LIPID PEROXIDATION OF THE LIVER 
TISSUE 
Figure 26-30 summarizes the activities of hepatic antioxidant enzymes. Dietary fats 
affected almost all of the antioxidant enzymes of the liver tissue. Coconut oil enriched 
diets showed a decrease in the activities of hepatic antioxidant enzymes in diabetic rats 
compared to coconut control group. However, soybean oil consumption gave a slightly 
reduced SOD, CAT and GPx activities showing levels similar to the control group. 
The dietary fats affected lipid peroxidation of liver. Soybean oil group showed slightly 
increased lipid peroxidation compared to the control group. In coconut and mustard oil 
experimental groups an increase in the lipid peroxidation was estimated. The results 
indicate that although soybean oil is more effective in reducing the serum, liver and kidney 
lipids it enhances antioxidant enzymes to prevent lipid peroxidation. 
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Table 41: Weight gain after 6 weeks of feeding of dietary oils on body, liver 
and kidney weight in the control and diabetic rats. 
1 Groups 
Body weight (gm) 
Control 
Diabetic 
Liver weight (gm) 
Control 
Diabetic 
Kidney weight (gm) 
Control 
Diabetic 
Coconut oil 
164.2±10.5 
149.7±12.6t 
6.60±0.86 
8.60±0.54t 
1.52±0.15 
2.10±0.21 
Mustard oil 
163.5±11.1 
145.2±8.6t 
6.40±0.55 
8.21±0.39 
1.55±0.16 
2.02±0.34 
Soybean oil 
160.2±10.9 
137.0±12.0 
6.95±0.28 
7.80±0.45 
1.60±0.22 
1.90±0.46 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
analysis of variance (ANOVA), tp<0.05 diabetic rats as compared to respective oil control 
rats. 
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Figure 25: Effect of dietary oils on serum blood glucose in the control and 
diabetic rats. 
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Results are mean + SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0-05 diabetic rats as compared to respective oil control rats. Values in 
parenthesis represent percent change from the respective control. 
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Table 42: Effect of dietary oils on serum total cholesterol, triglyceride and 
phospholipid in the control and diabetic rats. 
Groups 
Total Cholesterol 
(mg/lOOml) 
Control 
Diabetic 
Triglyceride 
(mg/lOOmI) 
Control 
Diabetic 
Phospholipid 
(mg/lOOmI) 
Control 
Diabetic 
Coconut oil 
120.2±2.33 
221.0±4.26t 
(+83.8%) 
116.0±2.90 
163.5±3.nt 
(+40.8%) 
150.4+2.31 
193.5+2.95t 
(+28.6%) 
Mustard oil 
95.6+2.05 
167.1±2.68t 
(+74.7%) 
101.7+3.85 
130.0±2.27t 
(+27.8%) 
127.3+2.70 
158.5+2.961 
(+24.3%) 
Soybean oil 
87.4+2.22 
135.1+2.67t 
(+54.4%) 
98.6+2.36 
121.1+3.08t 
(+22.8%) 
120.1+2.86 
150.3+2.92t 
(+25.1%) 
Results are mean + SEM of eight different animals. Statistical analysis was done by 
ANOVA, tP<0-05 diabetic rats as compared to respective oil control rats. Values in 
parenthesis represent percent change from the respective control. 
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Table 43: Effect of dietary oils on serum HDL-C, LDL-C and cholesterol 
/phospholipid ratio in the control and diabetic rats. 
Groups 
HDL-Cholesterol 
(mg/lOOml). 
Control 
Diabetic 
LDL-CholesteroI 
(mg/lOOmI). 
Control 
Diabetic 
Cholesterol / 
phospholipid 
Control 
Diabetic 
Coconut oil 
50.7±1.15 
67.4±2.03t 
(+32.9%) 
46.3±1.66 
120.9±2.38t 
(+161.1%) 
0.79 
1.15 
Mustard oil 
43.1±1.29 
68.1±1.85t 
(+58.0%) 
32.1±1.07 
72.8+1.98 t 
(+126.7%) 
0.75 
1.05 
Soybean oil 
37.7+2.29 
65.7+1.53 t 
(+74.2%) 
30.0+1.28 
45.3+2.20t 
(+51%) 
0.72 
0.89 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 diabetic rats as compared to respective oil control rats. Values in 
parenthesis represent percent change from the respective control. 
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Table 44: Effect of dietary oils on liver total cholesterol, triglyceride and 
phospholipid in the control and diabetic rats. 
Groups 
Total 
cholesterol 
(mg/gm tissue) 
Control 
Diabetic 
Triglyceride 
(mg/gm tissue) 
Control 
Diabetic 
Phospholipid 
(mg/gm tissue) 
Control 
Diabetic 
Coconut oil 
9.2±0.88 
15.8±1.10t 
(+71.7%) 
5.4±0.78 
8.3±0.97 t 
(+53.7%) 
28.1+1.46 
34.5+2.02 t 
(+22.7%) 
Mustard oil 
8.4+0.54 
13.3+0.80 t 
(+58.3%) 
4.5+0.32 
6.6+0.74 
(+46.6%) 
23.3+2.5 
28.1+3.1 t 
(+20.6%) 
Soybean oil 
7.8+0.41 
10.4+0.63 t 
(+33.3%) 
3.7+0.22 
5.2+0.55 
(+40.5%) 
19.5+2.00 
22.6+2.71 
(+15.8%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 diabetic rats as compared to respective oil control rats. Values in 
parenthesis represent percent change from the respective control. 
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Table 45: Effect of dietary oils on kidney total cholesterol, triglyceride and 
phospholipid in the control and diabetic rats. 
Groups 
Total cholesterol 
(mg/gm tissue) 
Control 
Diabetic 
Triglyceride 
(mg/gm tissue) 
Control 
Diabetic 
Phospholipid 
(mg/gm tissue) 
Control 
Diabetic 
Coconut oil 
6.9±0.56 
10.2±0.91 t 
(+ 47.8%) 
4.2±0.35 
6.3±0.70 t 
(+ 50%) 
13.9±.12 
19.0±1.40t 
(+36.6%) 
Mustard oil 
5.7±0.47 
8.1±0.72 
(+42.1%) 
3.4±0.26 
5.0±0.49 t 
(+ 47%) 
12.7+1.83 
15.1+2.14 
(+18.8%) 
Soybean oil 
5.2+0.39 
7.3+ 0.64 t 
(+ 40.3%) 
2.9+0.30 
4.1+0.52 
(+41%) 
11.3+1.80 
13.4+1.311 
(+18.5%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 diabetic rats as compared to respective oil control rats. Values in 
parenthesis represent percent change from the respective control. 
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Table 46: Effect of dietary oils on serum urea and creatinine in the control and 
diabetic rats. 
Groups Coconut oil Mustard oil Soybean oil 
Urea (mg/100ml). 
Control 12.5±0.56 11.8±0.72 11.1±0.77 
Diabetic 23.1±1.36t 19.6±1.02t 17.4±0.92 
(+84.8%) (+66.1%) (+56.7%) 
Creatinine (mg/100ml) 
Control 0.98 ±0.35 0.84±0.28 0.8 l i 0.26 
Diabetic 1.87+0.701 1.62+0.621 1.36+0.49 
(+90.8%) (+92.8%) (+67.9%) 
Results are mean + SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp*^0.05 diabetic rats as compared to respective oil control rats. Values in 
parenthesis represent percent change from the respective control. 
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Table 47: Effect of dietary oils on SCOT and SGPT in the control and 
diabetic rats. 
Groups 
SCOT (Unit/liter). 
Control 
Diabetic 
SGPT (Unit/liter). 
Control 
Diabetic 
Coconut oil 
38.0±1.56 
55.8±1.91 t 
(+46.8%) 
41.2±1.35 
68.8±1.70t 
(+66.9%) 
Mustard oil 
34.1±1.I2 
48.6±1.04 
(+42.5%) 
39.6±1.55 
60.3±1.97t 
(+ 52.2%) 
Soybean oil 
32.7+1.21 
44.4+1.70 
(+35.7) 
35.4+1.24 
52.1+1.45 t 
(+47.1%) 
Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 diabetic rats as compared to respective oil control rats. Values in 
parenthesis represent percent change from the respective control. 
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Figure 26: Effect of dietary oils on liver Superoxide dismutase in the control 
and diabetic rats. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tP*^0-05 diabetic rats as compared to respective oil control rats. Values in 
parenthesis represent percent change from the respective control. 
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Figure 27: Effect of dietary oils on liver Catalase in the control and diabetic 
rats. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0-05 diabetic rats as compared to respective oil control rats. Values in 
parenthesis represent percent change from the respective control. 
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Figure 28: Effect of dietary oils on liver Glutatione-S-transferase in the control 
and diabetic rats. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tP<0-05 diabetic rats as compared to respective oil control rats. Values in 
parenthesis represent percent change from the respective control. 
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Figure 29: Effect of dietary oils on liver Glutathione peroxidase in the control 
and diabetic rats. 
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Results are mean ± SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 diabetic rats as compared to respective oil control rats. Values in 
parenthesis represent percent change from the respective control. 
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Figure 30: Effect of dietary oils on liver Lipid peroxidation in the control and 
diabetic rats. 
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Results are mean + SEM of eight different animals. Statistical analysis was done by 
ANOVA, tp<0.05 diabetic rats as compared to respective oil control rats. Values in 
parenthesis represent percent change from the respective control. 
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8.5 DISCUSSION 
Diabetes mellitus (DM) is one of the most common endocrine diseases in the world 
and affects almost 6% of the world's population. It is a major source of morbidity in 
developed countries. The metabolism of all fuels including carbohydrates, fats and protein 
is altered in diabetes and patients with diabetes show lipid disorders and an increased risk 
of coronary heart disease, peripheral vascular disease and cerebrovascular disease (Brown, 
1994). It affects nearly every organ system in the body and may even cause blindness, end-
stage renal disease and increased risk of stroke and neuropathy (Pradeepa et al., 2002). 
Diabetes is associated with profound alterations in the plasma lipids and lipoprotein profile 
with an increased risk of premature atherosclerosis, coronary insufficiency and myocardial 
infarction and membrane lipid composition (Giron et al., 1990; Betteridge, 1997). Liver 
plays a pivotal role in glucose and lipid homeostasis and is severely affected during 
diabetes. It participates in the uptake, oxidation and metabolic conversion of free fatty 
acids and synthesis of cholesterol, phospholipid and triglycerides (Ravi et al., 2005). 
The decreased body weight in diabetic rats is due to excessive breakdown of tissue 
proteins (Ravi et al., 2004). Diabetic soybean oil group improved body weight indicating 
prevention of muscle wasting due to hyperglycemic condition. 
The concentrations of lipids like cholesterol, TG, LDL-C and HDL-C were 
significantly higher (p<0.05) in diabetic rats fed with 10% coconut oil (CO) than in the 
control group. A variety of derangements in metabolic and regulatory mechanisms, due to 
insulin deficiency, are responsible for the observed accumulation of lipids (Rajalingam et 
al., 1987). The impairment of insulin secretion results in enhanced metabolism of lipids 
from the adipose tissue to the plasma. Result of the present study indicated that diet 
supplementation with soybean oil (SO) and mustard oil (MO) prevent the characteristic 
hypercholesterolemia accompanying diabetes, however only the SO diet corrected the high 
serum plasma triglyceride levels (Table 42-45). It has been reported that supplementation 
of PUFA is more effective in reducing triglyceride level (Collier and Sinclair, 1993). 
PUFA is prevent in development of alloxan induced DM in experimental animals (Mohan 
and Das, 2001; Suresh and Das, 2003). The data indicates that rats fed with SO (10%) had 
the lowest glucose levels, although the difference with respect to the other dietary groups 
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was not significant. Results show that 10% doses of SO have beneficial effect on glycemic 
control. 
Garg, (1993) showed that the monounsaturated fat diet decreases plasma triglyceride 
and VLDL-cholesterol compared with the carbohydrates rich diet. Results of the study 
showed that a diet supplemented with only 10% SO significantly prevented the increase in 
triglyceride levels as compared to diabetic coconut oil and MO fed rats. More over, the 
results also showed reduced LDL-cholesterol in rats consuming SO (PUFA) indicating that 
SO is a good oil to be consumed in diabetes. 
Riccardi et al., (2004) showed that a high fat diet induces hepatic insulin resistance 
leading further to an overproduction of glucose, high fat diet has also been found to 
decrease basal and insulin stimulated glucose utilization (Storlien et al., 1986). A decrease 
in the binding of insulin to its receptor results in an impairment in the action of pyruvate 
dehydrogenase and tyrosine kinase (Nagy et al., 1990), it also shows a decrease in the 
active form of glycogen synthase leading to a defect in glucose storage as glycogen 
(Hedeskov et al., 1992). Storlien et al., (1991) reported that insulin resistance was greatest 
in the group of rats consuming the saturated fat enriched diet. The suggested reasons for 
the association of higher proportion of SFAs in membrane lipids and insulin resistance 
were altered insulin binding or defective receptor affinity (Ibrahim et al., 2005). The better 
control over serum, liver and kidney lipid profile, allow us to propose SO as a dietary 
treatment in the prevention of cardiovascular complications in diabetes. 
The results in Table 46 showed significant increases in the level of serum urea and 
creatinine in the diabetic dietary oil groups showing renal dysfunction, which is a strong 
diagnostic feature for diabetic nephropathy, the results indicate that soybean oil decreases 
urea and creatinine levels of diabetic rats. Increased gluconeogenesis and ketogenesis 
observed in diabetes are due to high level of activities of SCOT and SGPT (Felig et a!., 
1970). Diabetic soybean oil group showed a decrease in SCOT and SGPT levels 
compared to control (Table 47), since, SCOT and SGPT levels act as indicators of liver 
function, restoration of normal levels of these parameters indicate normal functioning of 
liver. 
173 
Chapter V 
Growing evidence indicates that oxidative stress is increased in the diabetic condition 
due to overproduction of reactive oxygen radicals and decreased efficiency of antioxidant 
defences. Oxidative stress, as well as non-enzymatic glycosylation, is now considered as 
major factors contributing to the extents of chronic diabetes complications (Kakkar et al., 
1995; Remade et al., 1995). Hepatic glutathione levels were found to be decreased or 
increased or unchanged in diabetic rats. Changes in tissue glutathione may reflect a 
complex interaction between the diabetes induced oxidative stress and the glutathione 
antioxidant system in various organs (Oberley, 1988; Mak et al., 1996). In the present 
study the GST activity is similar in control and diabetic rats. It appears that fat 
supplements can modulate GST activity since the fatty acid composition of the diet leads to 
different levels of free radicals production. 
No set patterns or trends are apparent with regard to changes in tissue catalase and 
peroxidase activities in either alloxan or STZ induced diabetes (Oberley, 1988; Yu, 1994). 
As an example, CAT activity of rats with alloxan or STZ induced diabetes was increased in 
liver, kidney and erythrocyte hemolysate but decreased in spleen (Oberley, 1988; Kakkar 
et al., 1995). Nevertheless, other authors have shown decrease in CAT activity in liver, 
kidney and heart of rats with induced diabetes (Mak et al., 1996). Our results show no 
modifications in CAT levels by experimental diabetes or dietary supplementation in liver. 
Results obtained for GPx activity in diabetes are not consistent. Different studies describe 
increase or decreases in the activity in erythrocytes, pancreas, liver and kidney (Kakkar et 
al., 1995; Mak et al., 1996). GPx is the major defense against the damage produced by 
hydrogen peroxide (Ramecle et al., 1995). The results of this study shows that liver GPx 
activity decreased in the STZ induced diabetic rats. The decrease in the activity occasioned 
with diabetes is less marked in SO fed rats. 
SOD plays an essential role as a defense system against oxidative stress. Other 
authors have found various discrepancies in SOD activity. D'Aquino et al., (1991) reported 
the effect of saturated fatty acids and found no significant differences in SOD activity in 
diabetes. The data of this investigation shows a decrease in SOD levels five weeks after the 
onset of diabetes, but fat supplementation has no effect on this activity. 
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The study also shows that concentrations of lipid peroxide increased in liver of 
diabetic rats, indicating an increase in the generation of free radicals. Soybean oil group 
showed slightly increased lipid peroxidation compared to the control group. In coconut and 
mustard oil diabetic groups an increase in the lipid peroxidation was estimated. The results 
indicate that although soybean oil is more effective in reducing the serum, liver and kidney 
lipids it enhances antioxidant enzymes to prevent lipid peroxidation. The benefits of n-6 
PUFA in decreasing the risk of CHD could be due to other beneficial effects such as 
insulin sensitization apart from improving lipid profile apart from improving lipid profile 
(Lovejoy and DiGirolamo, 1992; Lovejoy, 1999). Thus soybean oil containing high levels 
of a-tocopherol and linolenic acid compared to mustard and coconut oil is beneficial for 
the decrease in serum and tissue lipid levels in diabetic conditions. More over soybean oil 
plays a critical role in enhancing the antioxidant defense system leading to decreased lipid 
peroxidation. 
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